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THE NATURAL SCIENCE OF THE 
NATIVE AUSTRALIAN 


E F GKEENMAN 

matter how primitive a people may be, it may be said with 
some show of reason that they have at least the rudimouts 
of a natural science Of course there was no primitive thinker 
who sat down on a stump and cudgeled his brains for answers to 
the questionings of his intellect Primitive people obtain what 
little knowledge of the powers of nature they possess by the 
trial-and-error method, to which they arc driven not by intellec¬ 
tual curiosity, but by necessity When we compare primitive 
knowledge of nature with our own, it seems to amount almost 
to nothing, but after ail the difference is one mamly of quantity 
and not quality, and has come about to a great extent indirectly, 
and not as the result of a continuous and connected activity of 
powerful minds imperiled by sheer intellectual curiosity Primi¬ 
tive man depended for his knowledge of nature upon the unaided 
powers of his senses Ho had to intcrprot things by what he 
saw with the naked eye and oftentimes his interpretation was 
no further astray than ours would be under the same conditions. 
But, as it 16 , a long scenes of unrelated discovenes over an im¬ 
mense period of time finally converged and gave us the micro¬ 
scope, with which our natural powers are so aided that we may 
see things the existence of which our foreliears never suspected 
Primitive man, then, could have very little knowledge of the 
qualities of matter beyond those to be apprehended by the sense 
of sight, touch or taste Yet he kn<*w that other flowers and 
qualities were there, and to this knowledge, and the oftentimes 
futile and mistaken practices arising out of it, the name of 
natural science is given for the purposes of discussion 

There is no record of any primitive people who have not had 
a technology — industnes of some sort The sunplest, and for 
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that reason, perhaps the most primitive, industries, are the flak¬ 
ing of flint and stone, the shaping of wooden objects, the build¬ 
ing of fire and the weaving of hair, bark and skin into string 
It may be said that m savage and primitive communities these* 
processes rest upon a perfectly scientific basis The result, for 
instance, of appl 3 ang pressure upon a flint in a certain way can 
be controlled, and it is so only because the manipulator has some 
knowledge of the properties of flint, which knowledge, vogue 
though it may lie, was onginally based upon observation and 
experiment Certainly the maker of a Mousterian * point’ knew 
that flint was a diflorent kind of thing from granite And so it 
is with the Australian natives, who are at the same tunc m the 
Paleolithic and Neolithic stages with regard to the treatment of 
stone The Australian knows that if he wants a knife, quartzite 
is the most desirable inatonal, or if an adze, flint, or if it is 
to 1)0 an axe, a large dionte pebble must be found, chipped first, 
and then ground down with sandstone All this discrimination 
implies at least a vague sense of properties inherent in the ma- 
tenals of the environment Their knowledge m regard to some, 
if comparatively very few, of those propc’ities, is exact and rar 
tional There is no superstition about such knowledge, nothing 
is taken for granted Folk tales and mythology arise not around 
the technical mdustnes so much as around the less definite and 
grander, subluner things, such as the weather, the mysteiy of 
growing crops, and the cycle of the seasons To the Australian 
there is no mystery m grinding down a block of dionte It is 
too hard work for him to fall to romancing about the reason why 
one stone cJiips and another must be subjected to nibbing And 
somehow or other, in the beginnmg, he amved at this process 
by purely empincal methods, not by invoking the aid of sup* 
posititious laws of matter or of cer^omes of any kind It is 
probably perfectly clear in his mind that there is a definite rela¬ 
tionship of cause and effect between applied pressure and a de¬ 
tached flake, or between pressure, apphed by rubbing, and a 
wom-down surface 

The Australian becomes familiar in a number of ways with 
the idea of matter as havmg physical and ch^nioal properties. 
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He knows that wood is more tractable than stone He knows 
that fire destroys wood, but that stones only crack when sub¬ 
jected to heat Ho knows that water will put out fire, and that 
wood floats in water while stones do not He knows that wind 
will carry one and not the other He undoubtedly recognizes the 
difference between the organic and inorganic objects in his en¬ 
vironment He must know that a tme grows, but that a hill is 
stationary and inert He probably knows even that friction pro¬ 
duces heat, from ihe expc^nence of sliding too fast down a rope, 
or grapevine strand, he associates heat with fire All about him 
he sees the materials of his environment continually manifesting 
potentialities, different materials acting in different ways, some 
with desirable, some with undesirable, effects, from his point of 
view la it any wonder that he sometimes attributes to matter 
properties which it docs not have? 

In reading the books of Spencer and Gillen on the native 
tnbes of Australia one almost gets the impression that the life 
of the average Australian from maturity to death was just one 
ceremony after another And it is probably true, at least of the 
Central tnbes,^ that a very great amount of their tune and 
thought was given to the carrying on of ceremonies and to the 
observance of taboos which were lengthy and labonous In fact 
the country is so desolate and barren during certain seasons of 
the year that there was very little else to do but carry on the 
imitative, dramatic representations which have come to be known 
as ‘Intichiuma ceremonies’ The purpose of these ceremonies 
was to mcrease the food-supply 

The chief peculiarity of Australian totemism is that a given 
tnbe IS divided into groups of several people, to each of which 
18 assigned a totem-animal or plant, so thab there will be, for 
instance, a hzard totem-group, a snake totem-group, a grass-seed 
totem-group and an emu totem-group. It is the duty of men of 
the hzard-totem to perfonn ceremomes which will result in in¬ 
creasing the supply of lizards, but men of this totem may not 

1 The Northern Trtbea qf Central AttUraka, ly Spencer nod Gillen Mac- 
miHsn sad Co, London, 1904. AD the refenneeB in this paper arc to this 
book. 
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eat lizardB, it is the duty of men of the snake^totem to perform 
ceremonies for replenishing the supply of snakes, but men of this 
totem may not eat snakes^ it is the duty of men of the grass- 
seed totem to see that the grass-seed supply is not lacking, but 
they may not eat grass-seed And so on down through the hst 
Thus a man may eat of the flesh of any totem-amrnal but his 
own The practices which are earned on by the totem-groups 
in order to increase the supply of the totem-animal or plant are 
aptly called ‘oeremomes/ since, if the Australian native may be 
said to have anything resembling a religion, it is closely bound 
up with these ritual customs. They are commonly referred to in 
the anthropological literature, and by Spencer and Gillen them¬ 
selves, as magic, or magico-rehgious procedures They seem to 
be made up of three separate elements 

1 . Ancestor worship, 

2 Imitation, 

3 The use of materials as having chemical or physical 

properties 

All three of these elements may be present m the some cere¬ 
mony, or only one of them, or any two And in certain tribes or 
localities one element is stressed at the expense of one or both of 
the others It is those ceremonies which stress the use of ma¬ 
terials as having physical or chemical properties with which this 
paper is mainly concerned The application of the term * magic’ 
to them seems to be a rather loose use of that term The con¬ 
trast between the truly magical, or magtco-religious ceremonies, 
and those which the term 'magic’ does not seem to desenbe ade¬ 
quately, is best illustrated by examples 

First, let us take an example of a 'magico-religious' ceremony 
from the Wongkongaru tnbe of central Australia. The ceremony 
for bnnging about ram is based upon a lengthy myth regarding 
the method m which ram was produced m the Ancestor-time, 
which idays a large part in all Australian customs The cere¬ 
mony consists in the headman of the ram-totem donning articles 
of apparel or decoration symbolical of incidents m this Ancestor 
myth. To begm with, appropriately decorated, he mts down on 
the ground m front of an audience, a man on each side of him 



Science qf the Native Atistrakan 6 

l)eatiDg on the ground with a stone as he sings a refrain, the 
meaning of which he does not know Then he goes through a 
sort of dance in which he imitates motions which the ancestors 
are said to have performed when making ram Finally he sits 
down abruptly and the ceremony is ovei ® For an example of 
a ceremony based upon the use of materials as having physical 
and chemical properties, that of the fisii-totem of the same tribe 
will serve The headman of this totem paints himself all over 
with red ochre and, taking little pomted bones alxiut an inch 
and a half long, goes into a pool of water He picrci^ his abdo¬ 
men and other parts of his Ixidy with the bones and sita down 
in the water The blood from the wounds goes into the water 
and gives rise to fish * The diflFerence between the two kinds of 
ceremonies is obvious One consists in singing songs, beating 
stones on the ground and dramatically representing the doings of 
the Ancestors The only imitative element m it is the act of the 
headman in looking up at the sky once or twice That is the 
only thing Riiggcstive of the idea of ram The rest is rpiite ar¬ 
bitrary, pure magic But the second ceremony involves the 
manipulation of certain materials — the mixing of blood and wa¬ 
ter The supreme cfheacy here is m the mixing of the two 
fluids — ui a mechanical operation There is a magical element 
no doubt m this ceremony, but the point is that it is not by any 
means uppermost The mixing of blood and water by the head¬ 
man of the totem is the miportaut thing Probably the whole 
procedure centers around a vague idea that blood, so important 
to thoir own life, has natural qualities which can be put to other 
purposes 

The Kaitish have a special form of 'magic’ which a man may 
make use of to kill an enemy secretly He finds an ant-hill out 
m the scrub, sings a verse or two over it, and then brings it 
back to his comp, all this m secret There he pounds it up into 
a fine powder, and then some day when the whole camp is going 
out on a bunt he will make an excuse to remain, and m ibcir 
afaeenoe he takes bis ant-faill powder to his enemy’s camp and 
scatters it over the ground m all du^ections* When the man 
» P 286 • P 287 
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comes back from the hunt and takes up his abode m his camp 
again, the powder begins to act, and his skin becomes affected, 
he conunenoi's to scratch hunself, sores break out all over his 
iHxly and he becomes more and more foul until he dies ^ In this 
case it IB as if the sand from the powdered ant-hill were red pep¬ 
per, or some germ-ndden powder The savage conceives a 
chemical quality m the sand by analogy with actually observed 
chemical qualities m other things But there are elements of 
magic here It is necessary to recite words over the powder 
This 18 the 'spell' so common to our own conception of magic 
And there is an evil intent, which usually goes hand in hand with 
the recitation of words to cast a Rjiell 

The Kaitish and Warrainunga tribes have a very potent form 
of evil magic m the shape of little picbbles, from which powder 
18 rubbed off by a spear-point and dropped on the body of a vic¬ 
tim while he is asleep * But these jx^bbles gam their virulence 
from medioine-men of another tnbe, who make them and trade 
them to the users, after singing over them to give them the de¬ 
structive power Wherever the purpose is an evil one the magic 
element is present But in both these practices the use of ma- 
teiials as having definite properties is easily distinguished from 
the magical part 

Considenxl apart from the magic mvolved, the method is the 
same as that which cliaractonsos modem natural science As 
to results, the native Australian usually finds what he is looking 
for, or if he docs not, he has a reason n'ady to account for the 
failure And, moreover, sometimes his methods do work For 
example, in the case of the fish-totem ceremony wherein blood 
and water are mixed,* the essential tiling is that it is a meddling 
with the elements of the environment in which his prospective 
prey lives, and such a meddling could have only three possible 
effects to increase the number fish, to decrease their num¬ 
ber, and not to have any result at all And the odds are proba¬ 
bly not so great that anything the native may do m the way of 
meddling with the elements concerned will fall m any one of 
these three classes In the grass-seed totem of a certain tnbe it 
« P 406 » P 467 • P 287 
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ifi the custom for the headman to perform ceremonies over some 
collected seed and then scatter them in all directions ^ (X course 
the seeds take root^ but the men of the i.otem attribute it to 
their magic, not knowing that they are practicing agriculture 
The Australian undoubtedly has a vague idea tliat by tainpcT- 
ing with the matenals he finds about him, he can in some way 
turn them, or their qualities, to good ae(*ount He iiersuadcs 
hunseif that everything he den's is siiecessful, whereas onl> a few 
of his experiments are, and those accidentally His method is 
apparently that of Nature herself who sends out from a smgle 
plant nullions of spores or seeds in the expectation, as we may 
say, that a few of them will lie certain to find lodgment in con¬ 
ditions favorable to growth 

The Australian has apparently made the generalization that 
the materials of his environment have what descnlie as phys¬ 
ical and clK'mical properties The generalization m, as we know, 
perfectly sound To call this natural science is perhaps to give 
it an undcsserved dignity But the designation serves in the 
absence of a better one Certainly the term 'magic' does not 
fit The Australian native probably knows when he is using 
magic and when he is employing the natural qualities m things 
It 18 the general rule that, when he wants to use these natural 
powers for an evil purpose, he sings or performs mysti^rious pas¬ 
ses over the object to be used In this way he endows bis mar 
tenals with more than their natural powers 

What do we mean by magic"^ For one thing, we mean the 
control by a human being of an occult, exirarphysical, supernatr 
ural force or being for a good or evil purpose This conception 
of ma^o we have received to a great extent from the Middle 
Ages Medieval witches and sorcerers were generally supposed 
to be in league with the devil There is ahotW kind of magic, 
more characteristic of primitive pcMiples, which may be desiTibed 
as the control or diverting of a well-known, universal law of 
nature to an evil purpose W^here magic is used for an evil 
dentgn m Australia it is at the same time a selfish, individual, 
anti-fiooial purpose* The practical use that is made by these 

» P m 
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people of the laws of nature is beneficial to all Accordin^y^ 
when an individual wishes to divert a natural law, he osenbes 
to himself a power to instill into the niafenals he uses, by sing¬ 
ing to them, powers which he knows they do not have otherwise, 
or naturally And an evil purpose does not a))Ko]utely necessi¬ 
tate calhng the use of materials magic, because there are mat/e- 
nals known to have evil effects of themsc^lves, namely, poisons 

Granting these things, it becomes necessary to say that when 
a universal law of nature is, however mistakenly, put to a good 
use, it 18 not magic, because the purpose is not evil and the pro¬ 
cess 18 that of allowing the laws of nature to work The fallacy 
IB that the savage does not realize that bc'cause a certain kmd 
of matenal acts in a certain way right before his eyes, it does not 
follow that other materials are going to do otb(*r things - that 
blood and water mixed arc going to produce more fish, or that 
sand rublied on the bark of a tree which hce frequent is going to 
take up into itself the life-quality of lice and disseminate it upon 
being cast atiout * All the Australian secs is that matter of all 
kinds has physical and chemical properties This is as far as 
he has earned his generalization He is not guilty, when he 
tnes to make use of these properties, of conniving with occult 
forces, he looks no further than the laws of nature Neither 
does he arrogate to himself any supernatural power over mar 
tenals, except when he wants them to do things which he 
knows very well they have no inherent power to do He is sim¬ 
ply conducting an expenment m a clumsy sort of way, and is 
usually too hopeiul to admit that the desired result does not al¬ 
ways take place 

When an anthropologist observes an Australian blackfellow 
rubbmg sand on the bark of a tree on which lizards are often 
seen and then scattering it about to insure a good crop of hzards, 
he immediately classtfios it as magie But to the operator him¬ 
self it IS a perfectly rational procedure Control of results is on 
element here, but it is no more an appeal to a magical force than 
when our foresters spray a tree m order to kill insects Both 
opemtions are appeals to mvisiUe prop^es of xnattefi the only 

»p.m 
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difference being that the Australian believes m properties which 
do not in that particular case exist To him it is nothing if the 
results do not follow so quickly as when sand is thrown on fire to 
put it out. He can explam it by saying that something or other 
which was essential was omitted from the process But some¬ 
times hiB expenmciits do work, through chance It must have 
been in this way that the Indians of South America discovered 
the use of Peruvian bark for medicinal purposes They had no 
way of knowing its properties except by experimenting with it. 
And this experimentation was in the first place a perfectly ran¬ 
dom procedure, suggested by analogy with the use of plant msr 
tenals as food, done in much the same way that a cat cats cat- 
mp It seems to Ih* natural for men and animals to eat things 
when they are ill which they do not ordmanly use for food It is 
instinct, but instinct docs not tell them which plant is a specific 
Fifty years ago there were practices in common vogue which 
research has since shown had no jiistifiabU^ basis But we do not 
refer to them as magic They ^longed to the category of nat¬ 
ural science just as much as certain practices which at present 
are generally credited, but at some future time will be found to 
be wrong Among breeders of thoroughbred animals it is today 
a custom, if not a law, that if a female has been crossed with a 
mongrel she is not available for crossing with a thoroughbred 
male for the purpose of raising blooded progeny until after a 
stated time But geneticists know that no contamination of the 
progeny is possible This mistaken behef on the part of the 
breeders is no more magic than the Australian method of brmg- 
mg about an increase of hsards They both represent merely 
arrested stages m scientific discovery 

An enumeration of a few Australian ceremonies will show to 
what an extent, and in how diverse ways, materials and objects 
are used to cute illness and to bring about increase of food 
by virtue of their natural physical and obenucal qualities To 
b^n with, there is a story of how a bundle of magical imple¬ 
ments, Ixmes, pieces of wood, crystals, and the like, upon being 
dn^p^ on ground, result^ in a very great explosion* 

• P 400 
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Where the Aiuitralians acquired the idea of an explosion is diffi¬ 
cult to explain But it aptly illustrates their knowledge of a 
rather unusual phenomenon of nature* There is a Ix'lief among 
certain tnbtis that when a spear-point is ruhlx'd m the flesh of a 
dead man, it can be used with dureful effect This is vt'ry likely 
one of those lucky chances in which the rnal^rials are used m 
the right way For the purixise of si'cunng a downfall of rain 
the Gnanji people use crystals, which they pulverize and throw 
about in all directions, requesting the ram to come as they do so, 
and to biing the fish with it The procedure here is exactly of 
the same nature as that in which in the lust t.en years charges of 
powder have lieen touched off on mountain-tops in order to 
bring on a much-ncoded shower And the msults in both case 
are quite the same Men of the Mara tnbe increase the supply 
of honey-bees by scraping powder from a large rock in their 
country which looks like a honey-bag, and blowing it about, 
this scattered powder is supposed to give rise to bees In the 
Anula tribe, when more crocodiles are desinnl, the men go to a 
water-hole in their country where there is a big rock out of which 
crocodiles come, and brt^ak up sticks from the mangrove trees 
that border the \xmd and throw them at the rock The ram- 
making ceremony of the Anula people consists of making an 
arched bundle of grass mto the shape of a rainliow anil setting 
it over the dead body of a kind of snake which is particularly 
abundant in the rainy season ^ If, as a result, it rams more 
than was calculated, the downpour may lx* stopped by simply 
taking a green stick, wanning it in the fire, and then striking 
it against the vund 

The bull-roarer is extensively used m Australia, as indeed m 
other parts of the W'orld, as a means of bringing about ram 
Whirled m the air at the end of a stnug, the bull-roarer stirs up 
a considerable breese and produces a sound very much like that 
of the rushing wind in a storm, and it ma}^ be that this resem¬ 
blance has led primitive people to believe that ram con be 
brought about m this way* It is merely a manipulation of the 
elements concerned m rainfall The logic is clear When it 

i* p 312 up 313 II p 315 
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rains the wind blows Thoroforc if one can make the wind blow 
it will rain 

In tlic Tjmgilh tnbe there is a method by which a man may 
cure his headache by wearing the nngs on his own head which 
his wife wears for decorative purjioses ** The theory is that the 
pain passes into the rings, and that it can then be thrown away 
with the rings, into the bush Stomaeh-acho m cured in the same 
way, the nngs being laid on the man's stomach for a while and 
then tossed into the bush After a time his wife searches for 
them, and if she finds them, continues to w(‘ar them m the usual 
way For the purpose of making a lean woman fat the War- 
romunga ]MH)plo procure an especially fat young opossum and 
give it to the woman to eat Among the Central tribes, the 
hair of a dead man is preserved and made into an implement 
which 18 earned much as a rabbit's foot, and is supposed to 
impart to the owner certain powers which the dead man pos- 
sc'sscd This IS much the same kind of reasoning which under¬ 
lay the doctnne of plant signatures which went out of vogue in 
our own civilized world not so long ago In both eases, the re¬ 
sults were vague enough to leave considerable room for convu- 
tion that the proc<*8s was effectual In both cases nature did 
the work, but it was attnbut(»d to the mechanism of the process 

Among the Ilpirra there is a tradition relating to a man i\ho 
in the Ancestor-time plucked out boils frtim his liody and threw 
them down on the ground, where they changed into stones " 
If these stones are struck with spears, the spears are, as it were, 
inoculated with the essence of the Ixiils, which ossimce can fur¬ 
ther, along with the spear, be projected in the direction of any 
individual upon whom it is desired to inflict Iioiis In this case 
it is perfectly clear that the Australian attitude toward sulistan- 
ccs IS, at least partially, scientific The rules for moculating an 
enemy with the essence of Ijoils are the same as for the injection 
of any other poison. The instniment must be first dipped in the 
poison, or touched with it, and tbeji the victim pierced When 
the beliefs of the Ilpirra people about the origin of these stones 
are taken into consideration, the whole thing from beginning to 

“ P 474. M p 474 u p, 476 » P 477 ” P 400 
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end is perfectly logical The Ancestor stones, to their undiscnm- 
insting nunds, are true They are history, no more and no less 
Therefore, when a man of the Ancestor-tune threw down his 
cast-off boils, which turned to stone, it is not beyond the or¬ 
dinary behavior of things in general that these stones should still 
contain the essence of boils, and that a little of them rubbed on 
a spear-tip could be impregnated into an enemy with results 
(|Uickly disastrous to him There is no appeal here to any vague, 
nefarious agency, no witchcraft nor mumbling of mysterious 
words Anybody can do it The appeal is entirely to the laws 
of matter, and is an incipient scientific procedure It is just 
such things as this which it is now the style in anthropology to 
refer to as magic The evil purpose is present here of enuise, 
but the efficacy of the whole act is in the character of the stones 
as petnfied boils 

Note in these ceremonies and so-called magical practices 
which have been cited that there are (1) no appeal to a god or a 
devil, (2) no dependence upon any hypothetical malign poton^ 
tiolity in nature, (3) and no dependence of the operations upon 
the particular personal powers of any one man 

If there is one thing that is perfectly certain about these 
Australian 'ceremonies,' it is that their evil magic is largely, if 
not completely, dependent upon the casting of a spell by ‘sing¬ 
ing’ the object to be used Spencer and Gillen devote a long 
chapter to this subject in The Northern Trtbea of Central Atu- 
tralia under the heading of 'Magic ’ ** And thou^ it is not 
indicated in the heading, most of the practices here described 
are of an evil nature, that is, concerned with killing or mjunng 
an enemy. Incidentally, it is unlawful for a man to use any ci 
tiiose magical means against a fellow-tnbesman, and any m- 
fnngement of the law is punishable by death To quote the first 
sentence m this chapter “ 'Ihe form of magic most widely spread 
over the whole of Australia is undoubteffiy that which is asso¬ 
ciated with pomtmg4ticks and bones ” These objects ate care¬ 
fully prepaid by being wound with haiF-stnng, painted some¬ 
times with red ochre and so feuth, and then ‘sung over.’ After 
» Ch XIV, p 466. 
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this they arc simply pointed in the general direction of the en¬ 
emy, who may be nules away, a few mystenous or imperative 
words uttered, and the evil maipc is projected through space to 
the enemy who is either killed at once, or at least enters upon a 
period of dechne which ends m his death The method here is 
one involving a physical <juality of matter, namely that of being 
projected throuji^ the air from the end of a pointed stick or bone, 
and of maintaining in flight the direction received from the dis¬ 
position of the instrument from which it started The analogy 
in this case is probably taken from that of the flight of a spear 
from a spear-thrower But since the purpose is evil, the bone or 
stick must be sung over and the doath-doabng quality which is 
projected is imparted by this magic song, and is not supposed 
by the savage to be an inherent quality of bones and sticks as 
natural objects This almost universal use of the song where 
evil magic is conc(*rned renders it highly probable that m those 
rites whorom it is not used, as in the increase of food or the 
curing of disease, the efficacy of the process is deemed by the 
native to be in the physical and chemical properties of the ma¬ 
terials used 

An incipient science is not the mam factor, however, in these 
Australian ceremonies They consist, perhaps, for the most part 
of magic, and magico-religious elements It is claimed in this 
paper only that it is possible to distinguish a purely scirntific 
knowledge and method, and that it is nocessaiy to discriminate 
much more closely than has been the custom m the past when 
assigning primitive practices to the categories of magic and 
religion. It is, perhaps, an mnovation to regard any primitive 
oustoms as having any soientifio basis whatever, but it is cer¬ 
tainly possible to prove that many of them have neither a mag* 
ioal nor a magioo-religious foundation. Where scientific knowl¬ 
edge and method do exist in Australian practices, they are for 
the most part interwoven with magio, and perhaps even with a 
rudunentaiy religion. 

UmvsBainr or MtoauuN 
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SUPPLEMENTARY NOTE 

My old pupili Mr E F Oreeomon^ has kuidly let me see his fiapcr on 
"The Natuml Science of the Native Austrahuii," in its first roufcb draft, 
and has asked me to say in a few words whether I afcree with him 8n far 
as he looks for mt ipicmt st lenee in surh technirnl pro(*osses as the chipping 
of flmt implements, 1 am m full accordance with hm view I might, iiorhaps, 
refer to a hook of my own, ‘*pB\chologY and Folklore," where m dcahng 
with the ungins of moduul Beietu*e 1 distinguish vanous technical methods 
of dealing with wounds, with child*Uirth, and so on, as on the way to become 
science in the sense of "organised (oniunm senw'" Hut I am not equally 
oonvmced of the hucccbh of Mr (ireenman’s attempt to distinguish a siien- 
tific element m those symbobt at is which are eliaructonstic of what we some¬ 
times call magio and somotimes religion At any rate 1 should say that, just 
m so far as there is symbuUsin, conscious or buIw onsoious, the matonal 
qualities of the objects used m the ntc are not t unsidert»d as such, but am 
treated as largely irrelevant for the ritual purpose in view Of course such 
objects are bound to retain some of their ordjnar> attributes m the new 
context, or they would be unrecognisable and hence incaiiable of being em¬ 
ployed as symbols A toU^m-animal, for instance, need not for ritual 
purposes behave exactly us cloths the rt*al animul whieh is hunted Ail 
that IS needed la that it should remain sufficiently hkc the actual beast to 
suggest those ideas of allianoe, mywtie guardmnship or what not which the 
totemist is seeking to express figuratively 1 do not thmk that it makes any 
diffcren<*e whether a soetal or an anti-soeial intention pervades the act m 
question My point is simply that, so far os it is imderstood symlxiheally, 
it cannot ho undc^rstood litemlly and in terms of the ordinaiy or objective 
liehavior of tho things mferred to in the rile On the othor hand, 1 would 
freely admit the possibility that the free manipulation of things for purely 
symbolic ends does often per aectdens lead to results which, b^ing manifestly 
profitable, are aftemanls exploited for everyday uses Mr Greenman gives 
an excellent example of what I mean when lie suggi>sts that seeds scattered 
with a purely symlmhe end in view, namely, to express the desire for the 
spread of vegetation, mav have by their casual ripemng, made the folk 
thmk of planting a garden, though 1 would add that there is no evidence 
that anything of the sort actually took place, and, agam, that a reason why 
It may not have taken place is tliat bumamt^ has a remarkable capacity few 
keeping their magKXHreJigious and their utihtanan notions in logio-ti^t 
ootnpartmente. i'^ally, it must not lie forgotten that technical proeosses 
such aa Inulding a house or a canoe are among pnnuUve folk always aooom- 
pamod by magicxMeligtous ntes Even so, 1 susjieot the savage is for the 
most part subccmscdouBly aware of a difference between lus technology and 
his m^e or religion, and realues, in however dim a fashion, that his door¬ 
post Buataans the roof mechanically, whereas the victim Imr^ Iwneath the 
doorpost sustains it m another and non-mechanical way Meanwhile, Mr 
(treonman is to be eongratulatod on oalling our attention to a very interest- 
mg, though difficult and disputable, probto 

R. R. Mahitit 

Reader m Social Anthropology, Oxford 



RELIGION AT THE ALGONQUIAN 
LEVEL 

W B HINSDALE 

TN the conception of the scientuits, a paper, to poeacas merit 
worthy of being presented in their presence, must contain 
the result of original investigation No claim of that kmd can 
be mode for these notes on the primitive religion of the Clreat 
Lakes region In fact, there is left slight opportunity fur re¬ 
search except in literature The Indians that are now hving are 
a mixed breed With their hybridization, th«r prhnitive bchefs 
have also become polluted There are glimmers m their legends 
and folk-stones of the mental attitude of their ancestors, but it 
IB as difficult to determine what parts are absolutely pure as it 
would be difficult, by physical and laboratory tests, to ascertain 
what percentage of white blood flows in theu* veins If it were 
possible to lift oneself out of his own culture and beliefs, and to 
drop down into the world of primitive people without prejudice, 
he could grasp their notions and reactions with considerable 
oleamess. 

The JesuU Rdatiom and accounts of eariy travelers consti¬ 
tute a vast fund of information about Michigan Indians, as the 
miMionaries found them The purfiose of the musionanes was 
to change religious ideas to their own; otherwise, there would 
have been no missionanes Being intent upon making converts,, 
they did not grasp the actual content and^meaning of the con¬ 
ceptions of the people among whom they labored They saw 
outward religious practices but did not omnpt^end, or, if they 
did oomprdiend, failed to note the underlying impulses and feel¬ 
ings that led to and made behefs what th^ were Thus they 
gave their own viewpoint, not that oi the Indians 

Ethnologists, taking the data they have gathered from groups 
etiO hdding a degree of rnigmal tribal integrity, and from re- 

15 



16 


W. B. Hiiudale 


mote islands and countnes, have reconstructed, probably with 
much accuracy, the pattern that can safely be assumed to be 
that of the Algonquians and others bving m this region before the 
introduction of Christianity The religious pattern of primitive 
people 18 much the same generally, and probably sprang, by 
necessity, from the nature of man actmg upon and uifluenc^ 
by the general cultural complex 

Prunitive people seem to be intensely emotional in spite of 
the stolid demeanor and taciturmty they manifest when first 
approached The American Indian was a mystic and the greater 
his sccretiveness, the deeper, oftentimes, was his feeling In fact, 
he deemed his emotions to be his own personal affairs. They 
rooted back in expcnonces he had, when, m his youth, he was 
struggling alone for bis guardian spirit to manifest itself He was 
secretive oven about his real name, because he conceived that to 
be part and parcel of his personal substance 

In order to secure the coming of his guanlian spint, whidi 
was to him sacred, ho had to subject hmiBclf to a rite of bodily 
discomfort such as fasting, purgation, and even to some form oi 
self-inflicted mutilation The spirit, when it came, was usually 
in the form of some medium-sised anunal, althouf^ it mii^t be 
a legendary being or even a lowly insect Whatever its form, 
it became hui guardian and personal protector, yet it was not 
m constant attendance, being needed only at particular tunes 
To secure this guardian was to acquire a mamto The *ntiirui.l 
that appeared to the aspirant m his dream was not his real 
guardian, but the spirit of the anunal was such. His supposed 
revelation gave him his tutelary protector and determine the 
part he would play in society, whether warruu', hunto*, ahiunitn 
or Bocud hero 

There was among many tribes a hij^ily diffoentiated priest* 
hood, especially among those of a weU-develeped political and 
ntualistio order, but there was not such hij^ orgamsatioB among 
the Michigan Indians With thiun the shamanistie and priestly 
offices were combined in the modidne^nen. Shamaniam had its 
full bloom among the Siberian tnbes and the word sAomon has 
been borrowed from that quarter For an asetended discoBrion of 
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ahamaniBm and rebgion one may consult Aboriginal Siberia, by 
M A Czaplicka. 

A kind of token between the guardian and the ward was 
jealously preserved 'ITiis token was a charm supposed to be 
carrier of Bupematural power and, togt^thor with other precious 
belongings of the individual, constituted the sacred medicine- or 
wai>bundlc. When* there was a priesthood, one of the functions 
of the pnest was to preserve and explain the community bun¬ 
dles These tnbal bundles were public projicrty, and different 
from the pnvate guardian spirit bundle m that regard The 
bundles bring to mind the Unm and Thummim of the an¬ 
cient Jewish priests 

Many trained observers have dwelt with various Indian tribes 
for the purpose of studymg their social customs, hoping to catch 
the aotu^ purport of their ceremomes and the interpretation of 
their religious and social customs and beliefs, but David Zeis- 
borger, a Moravian nuasionary to the Delawares of Ohio, writing 
in 1780, gives an account of the guardian spint as lucid as that 
of any of tlu^ trained anthrojiologists, at least, his langiage is 
less lalxiFod and is non-tcchmcal 

They believed in nutnerouH spinte or Rubordinate doitice AInKwt all 
animala and the elemontn an* looked upon as spirits, one cxcct*dma tho other 
in dignitv and power There is scarcely an Indian who does not IxOiove that 
one or more of these spinta has not b^u particularly ipven to him to asaut 
him and make him prosper Tlus, they claim, has been rnndp known to 
them m a dream, even as thoir religious Ijclief and witchcraft is aUeged to 
have been made known to them m a dream One has, m a dream, received 
a serpent or a liuffalo, another, the sun or the moon, another an owl or some 
other bird, another a Hah, some, even ridiculously mngmficant creatures such 
as ants. These are considered their spirits or Manitoa If an Indian bos no 
Manito to be his fnend ho oonsidens himself forsaken, has nothing upon 
which ho may lean, has no hope of any asdstanoo, and is Hinall in hui ovin 
eyes On t};» other hand, thoae who have been thus^favored possess a high 
and proud spirit^ 

Tbe Indian's religion permeated his whole life and formed a 
big element m his culture. It is a mistake to infer that a pnmi- 
tire religion implies, according to our conception, anything of a 

< Xhivid Zeisberger, fftatory the Niirthem Anurkan Indiana (puhhabed 
by 0fak> State Aiohaeological ^ Historuial Society), p ISSL 
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moral element. The savage never hesitated to deceive the spirits 
whom ho employed and in his mythology there were great trick¬ 
sters Goodness is not the essential attribute of a primitive spirit, 
{^wer or god A primitive American might observe trees to h} 
uprooted or a stone to roll down the side of a steep hill His 
explanation of such phenomena would be like the following A 
apmt in the stone causes it voluntarily to change its place If 
an accident or disaster n'sults from tlic movements of the stone, 
or from tho blowing of the wind, a sense of awe arises in the 
beholder, a religious impulse is engendered There are various 
ways of going about stopping the mischief One is by direct 
propitiation, another is to attempt to appease the agitated spii^ 
its by setting m operation more powerful spirits as a counter¬ 
influence If the Indian sougiit to palliate the spirit powers by 
propitiation and peace offerings he was performing a religious 
act There is here, also, opportunity for the play of magic The 
whole trouble may be asenbod to a mischief-making magician 
who must be thwarted by one who has greater magical powers 
than he 

Tho difference between religion and magic is that in the for¬ 
mer the powers are invoked directly, m the other there is a 
person or magician who, through his own instrumentality, starts, 
changes or stops natural force. In magic, spintual agents are an 
important factor, but, m one way or another, are under the con- 
t]!ol of human agency The sorcerer is usually present, but 
magic can be projected and act from a distance and the magi- 
oaii bo unknown. The word supernatural, or some sjmonym for 
It, will have to be called into use to explain those beliefs. It 
seems to embody the pith of any definition that may be given of 
animism, anunatiam and tnana. 

According to Paul Badin * two factors entered into the reh- 
giouB element first, a specific feeling, and second, beliefs, cus¬ 
toms and acts associated with that feeling One of these beliefs, 
inseparably connected with the feelings, is that spints are more 
powerful ^n man and control the otlier elements in life which 
he stresses In other words, the Indian sensed something that 
* Jmsm Amer FatMcm, Ooi-Nov., 1S14 
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did not come to him through his sense peroeptions and, after his 
fashion, strove to put himB(>lf into responsive relations therewith 
He was lackmg in our oonoeption of the natural, consequently 
had but feeble ability to distinguish between the natural and 
the supernatural, as we understand the terms* Attitude of 
bodily posture, movement of the hands, closing the eyes, a 
sanctimonious facial expression anil lx)wing the head conduced 
to an emotional concentration, the full cubiiination of which is 
the religious thnll which, in its unlMiundod cvpmsion, was 
nothing more nor less than an aura Of course^ the ster(*otyped 
posture may, and possibly often is, as with worshippers in a 
modern church, only a mechanical or artificial formula, and not 
accompamed by anything more than an indifferent or negative 
religious feeling. 

The missionary and other white influonc^m have fabncatc^d 
for the Indian some beautiful but misleading phrases *^The 
Great Spint ** may be a good tonn for the one who coinc^d it and 
for denoting his own conception of the superhuman but it is too 
difficult for the Indian to comprehend Erminmc A Smith,* 
speaking of the Iroquois, says 

But though talking with white men they frequent^ speak of the CJrent 
Spirit, yet in their worship they eerm to have no vriy well defined reoogm- 
tioD of the same, the term being used in a confused manner 

This double form of giving heed to different religious formu¬ 
lae at the same time is not without parallel in other parts of the 
world The laymen m China, Japan and adjoining temtoiy 
often seek divine assistance from Buddhist, Confucian, Shinto 
and other sources, adhenng more or less to several reUgions* 
The Indutn believed in powers outside of himself and in what ho 
could discern m nature, but not in a personal divinity 

Hobhouse * says 

It IS natural for us to regard the human soul as die model on which the 
apints ammals, plants, and inanimate objeets arc formed 

* Rivers, Afediane, Magus and Hdtguni, p 30 

« Report Bureau Sthnologyf 2 112 

* W fc Wnght, A SiudeiU*9 PkUtmphy of RHtgum, p 103 

* Af orals in Einduhm, p 874. 
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That is, the human soul is a kind of form over which the 
epints are moulded Byetematic anthropologists discern a stage 
earhor than animism, which Man*tt designates ^animatism/ m 
which immaterial things are rc^rded as if they were alive and 
plants and animals as if they were human, which makes a sepa¬ 
rable spirit unueoessaiy In animatisin, the iKidy and its in¬ 
dwelling hfc are not distinguished If the body be supposed to 
be subordinate to a separate animating principle, it is animism, 
m which the spirit uses the material as its vehicle Animism, 
implying a belief in spiritual things, is spintuahsm or supernat- 
urahstn The Indians believed in an infinite and miscellaneous 
collection of spiritual entities^ According to the degn^e of sus¬ 
ceptibility of the individual and of the group, religious fervor 
fluctuated Whatever is new, usual, extraordmaiy or even use¬ 
ful, has m it some form of manifcstatiou that engenders a reli¬ 
gious feeling A South Sea Islander called a l>ook 'god’ because 
it talked by merely being looked at Ri'd Jacket gave expression 
to a similar belief The primitive nnnd, lieing of rather un¬ 
stable equilibrium, was readily swayed by slight occunvnees that 
varied from the ordinary and, upon observing them, experienced 
a religious feeling 

The prayers of the Indians were to the powers, but were not 
expressive of thanksgiving and gratitude for favors received 
They were a lieseechmg for favors anticipated Prayers were for 
the purpose of obtaining something, and were accompanied with 
offerings When the blessings were bestowed, they were not on 
account of any compassion of the power invoked, but in com¬ 
pensation for the gift The prayer and its answer were a kind 
of transaction in which offerings were bartered for biesBings 
Boul and spirit, with primitive people, were interchangeably a 
moiufestatton of vital function^ Their minds can not comprebctid 
a thought without objectifying it m their senses This comes, 
sometimes, veiy near the materialisation of spirits, 

£ady could not iftake distinctkms that aro so obviouB to us 

Men, animals, plants and tbo inanimate world arc much neamr their level 
than they arc to euta A mystio bond spians up between individuals and 

V Moiett, The ThrsthM pf Aslurien, p 8. 
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(croups on one side and a non-human object cm the other stdo, which ts the 
esscDBC of totemisni * 

Whilo totemiHm was conspicuous among the Indians of the 
Northwest, it was feebly expressed in this locality, at least, it 
did not enter very much, if at all, into artistic expression No 
line of demarcation can be drawn, except theoretically, upon one 
Bide of which it can be said that all is animatism, animism, 
mana, magic, or pure religion and nothing else The concep¬ 
tions blend along the borders The classifications are academic 

It IS very doubtful whether any Indian, unless he was rean*d 
from infancy among white iieople and disassociated from his own 
ancestral influences, ever grasped the missionary’s religious point 
of view, or attained to a full conception of the fundamentals of 
Christianity The best he could do was to make an adjustment 
of Christian habiliments to the framework of his early concep¬ 
tions It would be as diflScult for an Algonquian to grasp the 
moaning of the word ‘divine,’ ‘atonement,’ ‘tnnity,’ the signifi¬ 
cance of communion and baptism, and the forgiveness of ene* 
mies, as it would be for us to comprehend the Midiwiwin, manito, 
the sweat lodge, and the thunder-bird, and to work thorn into a 
complex consistent with our other cultural customs The Shako 
religion of Puget Sound is a very good illustration of an Indian’s 
methods of adjustment of what be acquired as his social heritage 
and what be got from outside teachers It is an admixture of 
fundamental Indian beliefs, Catholicism and Congregationalism, 
and he finds it quite satisfying to his religious cravings * 

The Indian bad not a clear conception of a creator, because* 
he supposed substance in some form ^ways to have existed, es¬ 
pecially the water and firmament Boas points out that this is 
a marked difference from the Semitic bel^f, a fundamental of 
which was the objectifying of the umverse'by great creative 
energy. 

Nowhm amemg our Indians was there a clear-cut formulation of a 
definite god-like being with definite powers and functions 

* HoUiouse, op cU, p 847. 

* Waterman, Ann, of the Smtlheonum InMutm, 1022, p 499 

IV Uandbook Amencan fndiane — Religum* 

” WiBsler, The Indiana oi the Piame, p 108L 
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The creation of aomcthing from nothing was no part of the In¬ 
dian’s belief 

In connection with guardian spirits, one might read in the 
book of Acts about Peter, a certain man called Simon, also about 
Saul of Tarsus. The experience of Mt>Res on Mount Sinai also 
comes to mind. When the spirits upon l)eing importuned faileil 
to give an agreeable response the cause* ascribed was that the 
suppliants lacked concentration or intensity of will, or that the 
gift-offerings were inadequate The Indians did not have, and 
did not need, a devil — a master of evil The same spirit could 
be connected with good, 'no good,’ and evil, which attributes 
were modes of the same functionary Dancing w^as a part of 
ceremonies and was frequently carried to the point of physical 
exhaustion, but dancing was not for pleasure or amusement It 
was Gonmiomal and ritualistic and associated with songs and 
liodity contortions With drums, rattle boxes and whistles they 
kept the rhythm of the time to the jumping, singing and whoop¬ 
ing which were solemn performances and a kind of hysterical 
worship 

Ceremonial festivals and feasts came at stated intervals 
They wore held before, and sometimes after, corn-planting, har¬ 
vests, and at the opening of the fishing and hunting season, and 
were regulated also by the heavenly bodies It is said that the 
wonderful Mexican calendars were not devised as a means for 
reckoning tune, but as schedules for rehgious observances When 
great enses occurred, such as going to or returning from war, im¬ 
promptu powwows wore held, also the powwows were employed 
to ease the violence of storms, fires, pestilence, and other sudden 
acts of Providence Approaching and actual death called forth 
similar performances There was no thank^ving day, m our 
sense, but almost innumerable days for supplication and sacn- 
fioo, which were really times for dickenng with the powers, when 
sacnficial objects were 'put up’ as a purchase pnee for favors 
Days of fasting often preceded the particular day when the oere- 
momal explosion was to come. 

Magic, to which reference was made in another connection 
m this paper, is a fundamental element in the Indian’s religion, 
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although an objection us raised against including magic among 
religious concepts, Both the purely religious and the purely 
magical, if one does not include the other, mix togi'ther so much 
in the rituals that the compromise term rnagico-rchgious is 
sometimes used Medicine also was frequently an ingredient in 
tlie mixture The Fundamentalist will have no difficulty in grasp¬ 
ing the magico-rchgious complex Among the many conspicuous 
examples of it are Aanin’s rod, the scapegoat, restoration of the 
widow’s son to life by Elijah, and the “hearing of a sound of a 
going m the tops of the mulberry trees ” 'Fhere soems to Ix! 
a similarity between spirits, as conceiviul by the pnmitivc mind, 
and the vital force of the old physiologisls 

Wo find in Indian graves and mounds large numbers of im¬ 
plements of the hunt, of warfare and of pi'rsonal adornment 
The Indian did not bcJieve m the corporeal resurrection of stone 
axes any more than wc do, but he believed that the stone axe 
had a spirit that could lie of benefit to hw own spint Many of 
tlie articles token from the graves are broken Grave pottery 
m some localities usually has a hole broken m the bottom This 
bn^aking of the grave deposits is called by archaeologista 'kill¬ 
ing * The objects are killed to release their enveloped souls more 
readily for the use of the spirit The Indian might have under¬ 
stood transubstantiation Among some primitive people there 
was a habit of leaving a spirit hole m the grave 

The pnest, or whoever directed a ceremony, had to be famil¬ 
iar with all the ntuals, formulae, routine and technical detail of 
bis office A mistake in a dance, an error m the beat of a drum 
or in a song, a transposition of liturgy, betrayed ignorance and 
was liable to thwart the purpose of the ceremony A shaman 
also was confined to some ntual, but almost anyone might take 
up the 'heahng art’ and practice according to pranks of his own 
and become a medicme-man The medicme-man seems to have 
been a worthy forerunner of his modem successor, who has his 
special patients In fact there were specialists among the sha- 
mans One had more luck with the extremities, another with the 
head. 

^ Exodus vu, Leviticus xvi, 1 Kings xvu, 11 Samuel v 
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Among the Ojibways and their affiliated tnbes a grand medi- 
oine lodge was pronuneut and influential A preliminary prepara¬ 
tion to ^jom’ the lodge was obligatory upon the candidates The 
name of this society was Midcwiwin The ceremony consisted 
of four stages or degrees by which one was advanced from mys¬ 
tery to mystery and received progressively spiritual insight and 
power, especially power over disease A well {)ualifiod shaman 
was a graduate of this * college/ Ho could practice ethically. 
Other practitioners woro, according to the code, quacks While 
the medicme-mon scoured the forests and fields for healing herbs, 
after all, it was the mystic element of the medicine and the gro¬ 
tesque performances of the practitioner that were beheved to 
effect the occult cures 

The question, of course, is raised as to the conscientiousni^ 
of pnoBis, conjurers and doctors How could they be sincere? 
The answer is, at least in part, that their powers of reasoning 
were no more expanded than their general cultural level allowed 
They wore no more deceptive than tlieir corresponding profes¬ 
sions are with us There were some impostors and charlatans, 
but the majority of the priesthood and physicians believed in 
what they practiced and preached Primitive man was credulous 
and the laity had wonderful confidence m their specialised cults 
If magic failed a medioine-man, the explanation was easy and 
always accepted Some more powerful magician or power was 
worlung against it, which, if it could be neutralised or over¬ 
come^ would surely subside and the case m hand would terminate 
as the operator h^ prognosed. 

The word manito among the Algonquians, orenda among the 
Iroquois, and wakenda among the Siouan tnb^ signify a detach¬ 
able property of the great power that becomes transferred to an 
object The property becomes mdwcUing in the object either 
permanently or temporarily and becomes manito. Any thmg, 
animal or person which had unusual appearance or behaved m 
a manner so as to attract particular attention was said to have 
mamto A rook, as cited before, reeling down a steep declivity 
breaking down bushes or doing damage is on illustration. A per¬ 
son who displayed unexpected skill, bravery or sagacity which 



25 


Religion at the Algonquian Level 

lesulted m a happy termination at the time of great peril or 
Btrees, had manito If he sacnfiood bis life, or paddled a canoe 
safely through turbulent rapids, or was lucky in fishing, he was, 
for the tmie, at least, saturated, so to 6{)eak, with mamto The 
sweat lodge was an miportant part in the preparation for many 
'services,' especially those of a religious nature If the one taking 
the sweat came out feeling invigorated, he said it was manito 
that had come mto bun through the agency of the steam and 
vapor Manito was to on Ojibway what the Holy Ghost was to 
Saint Luke, who is accredited with the authorship of a mono¬ 
graph entitled the Acts of the Apostles ProbaUy m our day, 
or a comparatively short time ago, many people would have ac¬ 
counted for the unusual actions or accomplishments by saying 
that the hero is 'possessi^d' 

It cannot be said that the Indian liad idols, they were not 
idolators While they had vague conceptions of some mystic 
and nebulous deities, they did not raise themselves to the high 
conception of a specific spint that remained localized The In¬ 
dian brought his emblems down to his own level and made them 
brutally human The religion of savages was not thought out 
It developed under excitement, emotion and motor stimulation 
Perhaps the pnests and shamans exercised a feeble directing in¬ 
fluence in forms, but not in concepts Such religion may, com¬ 
paratively speaking, be said to be rudimentary 

Whatever was mysterious and considered accordingly was 
within the religious pale Animism, which signifies behef in the 
activity of spirits and visionary shapes is the central idea of the 
religious practices of the Amencan Indians and of all other peo¬ 
ples of the some cultural level The Indians of the Great Lakes 
region, if not of the entire Amcncan continent^ having no personal 
deities whose names they could take m vain, were unqualified for 
expressmg their wickedness by profanity They could not make 
or take oaths, for there was no one to swear by They bound 
their contracts and phghtod their honor, so far as they had any, 
means of the calumet, strings of wampum and sacr^ tobacco. 
The Indian probably believed in an existence after death 
He had a confu^ conception of independent spirits, spirits of 
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people and things, and ghosts i%ho wandered about presenting 
themselves in dreams and whispered in the ears of neurotic 
pnests, shamans and medieine-men Spirits often flitted about 
m the guise of owls Among some other peoples, bats, doves 
and other flying and floating objects were believed to be spint- 
bearers 

Not every spint after death successfully hit the trail for the 
fields of contentment where he could beoattie naturalized With 
some tribes the trail was tortuous, dangerous, and led to a kind 
of second death for those whose shrewdness did not surnced m 
crossing the barriers, and in eluding the wa>sido dangers Spir¬ 
its fur a time frequented the places nbere their former earUily 
tabernacles were deposited The friends would put food by the 
bodies and upon graves for the spirits The fact that the sub¬ 
stance of the food was unconsumed was no proof of the useless¬ 
ness of placing it there The spmts partook only of the epmt 
of the food 1 he substance would, of course, be left and mij^t 
be eaten afterwards by the depositors as its transubstantional 
properties would be gone 

At the feasts of the dead, among some, if not all the Lakes 
Indians, the family made lavish gifts, somewhat like a potlatch 
This expenditure only, Perrot ** says, can fully secure rest and 
respect in the land of spirits Taylor states that nothing but 
dreams ever put into men’s minds sudi an idea as tiiat of souls 
being ethereal images. 

Changes m religious conceptions may be traced progressively 
through ammatism, anthropomorphism, polytheism to mono¬ 
theism The Indutn never ascended to real pol^rthcism, but some 
of his spirits wrere anthropomorphic 

Tbo question may be raised, What is the use or gam to us 
in studying these primitive traits? We are not savages, our 
rehgion is nothing hke that. If such a question deserves an an¬ 
swer, a partial reply is that the stratum of society m which the 
religious concepts such as I have tried to portray, using the Am^ 

w Indum Tnhe» the Upper Mteetanppt and the Gnat Lakee Beg%on 
I 88 

** Quoted by Lovie, PlvmhM Bdigvme, p. 107. 
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icaa Indian almost entirely as a type, is that through which our 
own antecedent passed sometime, somewhere in the remote past, 
and to obtain a continued record of social, intellectual, and reh* 
gious development, we must incorporate all the facts in the his¬ 
tory 

From the standpoint of science, such studies are m the class 
with that other hold of mvestigation that includes the study of 
rocks m the search for fossils. Many of the primitive races are 
extinct, in fact, the vast majority of them are forever gone. So 
to speak, they are fossilised The remaimng groups are pretty 
rapidly approaching the stage of fossihzation. 

There are, m the broad survey of man’s past, two objects for 
intensive work, the historical and the purely scientific, if a dis¬ 
tinction may be made Ix^twecn these fields The methods of 
history and of the field-worker find ample opportumty in un¬ 
raveling the records of the remote past, to use the word ^re¬ 
mote’ both in its ethnological and the ordinazy sense From 
the credulous savage who believes the whirr of the bull-roarer to 
bo the voice of a powerful spu*it up to Christianity, there can 
be traced the slow development of religious concepts os they 
became clarihed by the introduction of moral and chantable ele¬ 
ments The development of religion has somewhat of an ana¬ 
logue m what science calls evolution. 

Univsrsity of Michigan 




THE PROTECTIVE POWER OF RED 

HERBERT A. KENYON 


^OliOR symbolism has long held an attraction for folklorists 
However, the greater part of the data on the subject con¬ 
sists of notes and statements of the use of oertam colors m more 
or less isolated instances, or merely mcidental citations The 
present paper ventures to bring together a number of cases of 
the use of red as a protective power and to attonpt an explana¬ 
tion of its widespread use both geographically and histoncally 
What IB probably the earliest example of its use for this 
purpose is fo\ind in the Old Testament The Children of Israel 
are ordered ih the twelfth chapter of Exodus to select a lamb, 
kill it in the evening, and “take of the blood and strike it on 
the two side posts and on the upper door post of the houses — 
for 1 will pass through the land of Egjrpt this night and will 
smite all the first bom both man and lieast— and the blood 
shall be for a token upon the houses where ye are and when I 
see the blood I will pass over you and the plague shall not be 
upon you to destroy you when 1 smite the land of Egypt" ‘ 
Of course here wo have the protection indicated as prom¬ 
ised to the marked houses However, it is but a step from 
promised protection to the plea^for protection through execution 
of the prescribed formula. 

We cannot be oonoemed too deeply with particular shades 
of red 'Early peoples distinguished* but httle between tmts or 
shades of a color and modem peoples a^oet as little where 
magic or occult power is oonoemed. For the purpose of our 
duoUBSion we may consider the pinkidi color of a certain type 
of coral or the deep purple of dned blood as red 

The universality of the belief m the protective power of 
red ia one of its most mterestmg features. In practically all 

1 Exodus xii. 8, 7,12, IS 
29 
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European countries, m China and India, among the most in¬ 
accessible tnbes of Afnca and among the American Indians, 
throughout the ages, from the trabea of the Salii and the Roman 
augurs^ to the red flannel underwear to prevent rheumatism 
of the preceding generation, red has spread its protecting in¬ 
fluence The material does not seem to have any particular 
importance Bits of cloth, nblion, paper, stnng, or costly jewels 
are equally efficient so long as the predominating color is red 
Sometimes as in red agate ^ and the bloodstone,^ there is a com¬ 
bination of color, but the important properties appear to be in¬ 
herent m the red portion or red coloring ‘ 

But let us examine for a moment what sort of protection 
has been afforded by red It is a preventive against witchcraft, 
the evil eye, charms, etc In Spam,** Italy ^ and the Orient, coral 
IS used for amulets In China when a man has a bad dream, to 
avert the impending calamity ho is presented with a mystic 
scroll written on red paper ^ In London houses horseshoes, 
covered with a red cloth, were hung over beds to keep the 
occupants from suffonng from mghtmare. In Ireland red tape 
was used around the children's necks to prevent an attack of the 
plague, the only prophylactic use I have ever heard of for red 
tape* Among the Arabs of Arabia Petraea coral is worn by 
almost eveiy man and woman as an amulet against the evd 
eye A fragment of a Greek lapidaiy, probably of the fourth 

> Armstrong, Mary E, The Stffntjieanee cf Certain Cotore in Roman 
RUual, p 4, quotmg Dion Hal, 2 70, and Helbig, Svr lee oiMbuJta d/ee 

p 66 

■ Psellus, De Lapidum ed Bemond, p 10 

^ Monardes, M^wmentorum ex Noeo Orhe DdrUorum ffu- 

torta, Lat version by Clusius, Antwerp, 1570, p 51, also cf. Beroadino de 
Sahagim, Hvei Gen de lae Coaos de Nueea EepaHaf Vol 111, Lib. XI, 
eSap VIII, pp 300, 301, JoumtU of Amenoan Folk Lore, Vol. IV, p 30, 
Be^od, II PeHciemo in Italia, p 91, note 

s Theophrastus, History if SUmee, w Eng. version by Hill (London, 
1746), p. 73 

* Antoaio Machado y Alvaros, Biblioleca de Tradtoionee Popukares Eepa- 
Mae, Vol 8, p 258 

V Hardwick, Tradtinone and SuperMthone, p 256 

* Staufler, The Qiteer, ike Qumni and dm Qtnmogi (Fhila,, 1882), p 225 

* Stauffer, op cif. p 839 

Kuos, Mo^ofJeadle and Charms, p. 346. 
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or fifth century, gives a list of amulets for sailors, a carbuncle 
was prescribed to protect from drowmng, coral was to be at- 
tacfhed to the prow of ships to guard the vessel from wind and 
waves in all waters In the Leyden papyrus the bloodstone is 
praised as an amulet that will ^'assuage the wrath of kings and 
despots’^ and it declares that ^'whatever the wearer says will be 
behoved 

The Lapidano of Alfonso X recommends the wearing of the 
carnelian to those who have a weak voice or arc timid in speech, 
for the warm-colored stone will give them the courage they lack 
An Armenian writer of the seventeenth century declares that 
the wearer of a camehan is proof against being harmed by 
falling houses or walls Albertus Magnus says that the bearer 
of coral could still the tempests and travel in safety In India 
rubies sc^rvod to remove evil thoughts and control amorous desires 
and reconcile disputes The ruby in Burma was supposed 
to confer invulnerability. Zaebahas Babylonius recommended 
to Mithradates the use of hematite for soldiers suffering from loss 
of blood m battle 

The virtues of red apply even to animals In Aberdeenshire 
it IS a common custom for the housewife to tie a piece of red 
worsted thread around the cows' tails before putting them out 
to graze m order to protect them from the evil eye, olf shots, 
and other dangers ** In the first century m Rome, dog-collars 
set with flint and Maltese coral were recommended as a cure or 
preventive of hydrophobia This was probably due to the belief 
that hydrophobia was caused by the evil eye Gratius Faliscus 
states that if such collars were put on dogs suffering from hy- 

“ Kunz, Cttrkw« Lore qf Precimw p 38 

^ Krcpatischek, De Amtdetmm apud AnliquosdJntf p 16 

” Lapidano del Hey Alfonao X, oadioe ongmat, Madnd 1881, foliu 77, 
p 48. 

“ Kunz, Cunoue Lore qf Precwfie SUmee, p. 63 

" Aibertiu Magnus, Le Orand Albert de& Secrete dee Vertue tke Herbee, 
Pteme Beeiee^ etc Tunn (c 1516) Liv II, Fol 9, recto 

^ Kuns, Curunu Lore qf Preeuw Stones, p 102 ff 
Kuns, op cU,p 103 

” Flmy, Natural Htetcry, Lib XXXVII, 60 

^ Haidwidc, TradUum and SuperstUianSf p. 188. 
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drophobia, the gods were appeased and the ohann cast by the 
evil eye was broken * 

protection may extend even to inanimate things. A 
red cloth is laid over a chum when butter is being made to 
prevent the milk from becoming bewitched and yielding no 
butter 

Inasmuch as primitive medicine and primitive cures for 
diseases were based upon the idea that the sufferer was possessed 
by evil spirits, it is not surprising to find that a color vduch plays 
so important a rdle in the prevention of evil mfluences should 
be used m the prevention and cure of disease 

In medicine we have two uses of red, one where the color 
gives the therapeutic quality, and the other its use as eym* 
pathetic or homeopathic magic Sometimes these two uses 
coincide and it is difficult to draw a clear hne of demarcation. 

In the West Indies a httle bit of scarlet doth, no matter 
how small, worn aroimd the neck will keep off the whooping 
cough ** John Wesley in his Phyetek states that the ashes fitun 
a crimson doth should be Mown upon a cancer of the tongue 

Red string, red stones, anything red has been used to stop 
hemorrhages or to prevent nose Ueed** Warts may be cured 
m Kansas to this day by putting mto a bag of ted cahco hearts 
from grains of com The patient is ordered to run down the 
road and throw the bag away without seeing where it falls** 
When the bag is found the warts will be transferred to the finder. 
Erysipelas is cured m Mexico** and among the Pennsylvania 
Gmmans ** by luniting tiie extent of the rash or measunng its ex¬ 
tent by a red string or red woolen yam. In KentuciQr, rheuma>- 
tism IS treated with rod-worm oil ** and m many a New England 
home it was prevented by the weanng of red flannel underwear, 

M OfHtius Falueus, Cynegttuim. Cdkc des Auteun Latins, ed. Nisazd, 
Vol XVI, p. 7B6,11. 401, 400 

*> W Q. Black, Folk Medietne, PMiealum ft f<ors Soatty, 1883, 
Chapter VIL 

■ Joiawi of Amanean Folk hart, Vol. IV, a 188, Vol. VH, p. 187, 
VoL XJ, p. m, Vol XII, p 47. 

•> Op eU., Vol XI, p. 29, •« Op. VoL XXXVl, No 140, p 20 Ql 

•• Op ex, Vol X,p 78. «Op«i<,VoLXIV,p.82. 
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and when that was no longer attainable by tiie sewing of a piece 
of red flannel into a white undershirt 

Pettigrew in his Superatitiona Connected wtA the History and 
Practice of Medicine says “In small pox, bed coverings of red 
were employed with the view of bringing the pustules to the 
surface of the body ” ^ When the son of Edward II was sick of 
the small pox, John of Gaddesden directed that the bed furniture 
should all be red and a Japanese wnter tells us that when the 
children of the royal house were attacked by small pox, they 
were put in rooms where bed and wall were ahke covered in red 
and all attendants were clothed in scarlet ** I'be bloodstone, 
the garnet, and the carbuncle wore practically specific m blood 
diseases in the practice of medicme in the Middle Ages In 
China to the present day red cloth is worn m the pockets for 
the prevention of disease, red silk is braided m the hair of 
children and charms are wntten on red paper* In a Chinese 
tale, red pills are administered. In one case the pill was passed 
round and round to cure the wound and m another to restore 
life it was placed in a man’s mouth — with great success — ac¬ 
cording to the story* Among many tribes of the American 
Indians red or a red feather is the distinguishing mark of the 
medicine man, as well as of many of his medicines * Examples 
of the use of medicines where apparently the curative power 
lies in the color could be quoted m profusion but these will 
suffice. 

Another i^ase of the outstandmg importance of red is seen 
in its use as a royal color, for wo may consider purple as a later 
development of the same idea Indeed, m primilave tnbes the 
king, the medicine man, the chief, the ruler is almost always dis¬ 
tinguished by somethmg of a rod hue — the<red umbrella of the 
Eastern potentate and the red feather ol the magician of the 

” Ibid, pp ia-19 

* W< Q Black, yoOb Meivam, Pvbheattone ej Folk Lore Soeuty, 1883, 
Chapter VII 

■* Dennys, FdOt Lon of Chma, p M 

** CUles, Strange Stonee/rom a Chmeoo Studio, Vol I, pp 40,44,45 

e JoutmA ef American Fotk lore, 1884, p 190, Vol VII, p 109, 
Vol.Xm;pp.4sad5. 
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Micmao Indiana are manifestations of the same idea ** The red 
feather cape of the Hawaiian rulers and the red breech cloths and 
ceremonial aprons of negro tribes give evidence of the wide¬ 
spread belief in the sacredncss attached to the color. 

In the animal world those of a noticeably red color have 
always enjoyed particular distinction This distmction fre¬ 
quently reaches the point of veneration, particularly when there 
IS a symbolic meaning attached to the animal ** In the Vedas the 
dawn IS sjonbohzed by the goddess Ushas and the ruddy light m 
the east which precedes sunrise was regarded as a herd of red 
cows attendant upon her ** This agam suggests the oxen of the 
sun in Homer Red is especially mentioned as the color of the 
heifer set apart for the sacnfice in the purification of am in the 
Old Testament and scarlet is signified as one of the articles 
to be cast mto the midst of the burning heifer ** The milk of 
red cows is an important element in the recipe for the cure of 
consumption in Dr Samuel Jones Medtane Boke published in 
the later part of the seventeenth century" 

Birds of a conspicuously red color have borne a more or 
less sacred character from time immemorial The robm, the 
woodpecker, the red-legged stork, the cardinal bird have all 
enjoyed a special sanctity" Of the birds used in classical 
augury one of the most important was tiie woodpecker " Hence 
it was connected with Jupiter and was as well sacred to Mars. 

Through the conspicuously red birds and the reason wby 
they were held in especial veneration we get the real clue to 
the significance of the power of red Fire was the greatest 
mystery to primitive man next to hfe itself. These birds were 
the legendary fire-bnngers — the lightning bmte — and so 
were sacred to the highest of the gods, and represent him in 

"Op oU, VoL IX, p 173 

"Op eil, 1884, p, 81, M BkomfieU, Hynm» af tha AjtkanthVada, 
p 711,2830 

" Hftrdwiok, TmAhtma and SuptnHhom, p 112. 

" Numben, xlx. 2. " Numbees, xix. 6. 

" Ranhnok, Trachitona and SupanUtunt, p. 112 

"/M,pp. 186, 149,242, 

M Armstrong, BIgmfiecmea of Ctrtavn (Mar* in Roman Riiud, p. 6 
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both the terrifying and beneficent aspects Fire was a gift 
of the gods but it was an awesome weapon as weQ m the thun¬ 
derbolt In pagan tradition we have woodpeckers and other red 
Inrds as fire-bnngers — sacred to Jupiter Fulminator It was 
most natural for pnmitive man to nuike a bird the connecting 
link in the brmging of fire to earth from the heavenly abode of 
the gods 

Miss Armstrong in her doctors’s dissertation on The Stgmfi- 
nance of Certain Colors in Roman Ritual has shown that the use 
of red there is clearly denved from this association with fire 
In medieval and later tradition we see the stork as a protector 
from fire and kghtning of the house on which it builds its nest 
In Christian legend rod Inrds gained their conspicuous color 
from being wounded by the crown of thorns* Here again is 
the explanation of the color from its connection with deity 
changed to suit the changed ideas of a god And just as the 
Picus Martius of the Romans became sacred and was used by 
Roman augurs, so the stork and the robin became sacred and 
protected birds in Christian tradition From its association 
with deity, red became representative of deity and hence is the 
symbol of majesty m kings as a representation of the divine 
power. It represents the power (A the god in its most obvious 
form of fire and so is used to attract or propitiate hun And 
finally from the attribute of the god as a divmc healer it gams 
Its power in medicine As red is the color oS fire and the thun¬ 
derbolt, it IB only logical that primitive man and his less pnmi¬ 
tive but more or less blmdly mutative successors should adopt 
it as the color havmg the greatest magical properties From this 
association with divinity, the color itself becomes divine and so 
eiferoises the powers of the god. • 

UmvaasiTr or Micbioan 

* Fraser, TAe (Toldm Vd. I. pp 79-82 
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LONGBVnr 

£N the Homeric Hymn to Aphrodite > old age la deecnbed as 

wearying, ruthless, deadly, and as dreaded even by the gods 
Many such adjectives are applied to it by Greek writers, es¬ 
pecially by Theognis Baneful old age is one of the offspring of 
deadly Night, says Hesiod * In Latin one autliur calls old age a 
disease' and another goes farther and regards it as an mcurable 
disease * To iiiosit old men, Cioeni tells us, it scorns a "burden 
heavier than Etna ” * Cicero tned to gam courage to face it by 
writing an essay on the subject In antiquity old age was, 1 
believe, much harder to bear than it is today * It is now no 
longer sans tooth, sans eyes, sans taste, sans everything 

In the Golden Ago the earthly paradise of man was free from 
disease ’ and wretched old age rested not upon him, fm* when he 
died It was as though he were overcome with deep ' In Homenc 
days the sudden death of a man without sickness was ascnlicd 
to the ‘painless shafts’ of Apollo,* while the sumlar death of a 
woman was attributed to Artenus ** Nowhere in classical litera¬ 
ture are ‘utugingnesa’ (» youth) and deathlessnoas more fondly 

* 246-247 • Tbeoana, 224-225 

* Terence, Pharmo, 576. * Seneoa, Ep, 108 28 

* Cicero, Ceto M^ar, 4, 

' For the attitude of some of the daeaioal wnten toward old age see 
pages 110-118 of an article by (kimeha Q Haieum, “The Agee of Mao," 
The Chuncal tt'eeMjy, 7* 114-118 For aa especialhr gle*»>>y*P><itere see 
Juveoal, 10.188-288. 

' Hesiod, Workt and Dayt, 00-02. * Op Ml., 110-120 

* H, 24.759, Odytt , 8 280, 7 64, 15 411, 17 251, 494 

H, 6 4281 19 59; 21 483, Odyu , 5.124; 11 173,199,824; 16 411, 
478; 18.202, 20 80 
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idealued as the greatest felicity of mankind than in its earliest 
remams, Homer and Hesiod. Hector" reflects “If I were 
deathless and unaging . “ Sarpedon » thus communes with 

his friend Glaucus “O good sir, if we escaping this war were 
going to be always unaging and deathless, ncTOr would I fight 
in the van and place you in the man-ennobhng battle ” 

Calypso tries to lure Ulysses to her wishes by promising to 
make hun immortal and unaging " In Hesiod " it is said that 
out of regard for Dionysus escape from death and old age was 
provided for Anadne Hesiod regarded Heracles as happy when 
he had finished bis work among mankmd and with the gods 
was passing his days untroubled and unaging ** 

Thetis wanted to make Achilles deathless and unaging In 
nothing, perhaps, was Zeus more to be envied than IxKsause he 
was a ruler to whom time brought not old age " Tros, the father 
of Oanymedos, grieved over the disappearance of his son, but 
when Zeus sent him a message saying that his son would be 
immortal and ageless like the gods, he ceased his mourning and 
rejoiced in bis heart Calypso, too, was munortal and unaging ’• 
The goddess Hebe, it will be recalled, was a personification of 
youth 

After the Golden and Heroic ages, peoples and persons dis¬ 
tant in space rather than m tune were regarded as endowed with 
special boons There are several traditions of tnbes and in¬ 
dividuals who were able to arrest the hand of Tune and to live a 
long hfe without aging and without sufferuig the physical and men¬ 
tal effects of longevity, a blessing second only to immortahty 
In certain places m India where there was no shade men grew 
to be exceedingly tall and lived one hundred and thirty jrears 
without becoming old, but died m midiUe life, as it weie.*^ 

u /{, 8 638-689 » /(, 12 322-328. 

u 0dyu,7 267 Cf 6 209. » Theoo,H7->m 

u Op cif, 964-966 <• Apdl Rhod, 4 809-870 

1* Soph, Ailing , 009-611. ** Ifomene Hymn to Apkrmiilfl, 202-217. 

Odiiva., 6.218 » Phny, Hot H««t, 7 28 

*' In the Silver Age children played a hundred yearn by their mother’s 
ude before reanhing maturity, but they hved only a short period afterwards. 
— Hesiod, Worki and Daya, 180-139 
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According to Pindar,” the Hyperboreans suflFered neither from 
disease nor the ravages of old age Other writers state that they 
were a long-lived race,” that they lived a thousand years,” that 
death did not come until they had had their fill of life and en¬ 
joyed a luxurious old age, at which tune they threw themselves 
into the sea ” 

Zoroaster lived thirty years in solitudes upon cheesi' prepared 
m such a way that ho was insensible to the advances of old age ” 
The fabulous medieval Prester John tells us that '‘A fountain 
flows from Mount Olympus not three days’ journey from Para¬ 
dise whence Adam was expelled Three draughts from it taken 
fasting insure one hcncofoi-th fiom all infirmity, and however 
long gsue^ live, one will seem henceforth but thirty years of 
age ” 

Another extravagant talc is told of an island “somewhere off 
the west coast of Irelan<l,” Timanoge, “liand of Youth,“ where 
the hero Oisin lived three hundied years without loss of youth 
of strength “ Astrology too taught that man was originally 
long-lived He lived longest duiing the thousand years of the 
dominancy of the planet Saturn Ills span of life gradually de¬ 
creased during the six nullenia that were assigned to the other 
planets 

Some of the ancients did not believe a happy long life pos¬ 
sible Mimnermus ” expresses a wish that he may live his life 
free from disease and care and that death may overtake him 
m his sixtieth year Accordmg to tradition the people of Cos 
wore not content with wishing They decided that those who 

” , 10 41-42 (^-06) ” CalliinaohuB, Hymn IV, 282 

” Strabo, 16 67 

” Pliny, NaL /Twi, 4 80, 8ohnu«, Ifi 4-6, Pomp Mda, 8 6 2 See 
too Martianus Capellfl, 6, p 228 (ed Kyssenhardt) 

” Pliny, Nai Hx^ , 11 242 

” Lvnn Thomdyke, A Huiary of MayiC and Ezpenmenlal Sctence during 
Ihe Ptrwt Thirteen Cmtunee cj Otff Era, 11 242 See also note 2 

*• See P W Joyce, Old CeUie Eonumcea, pp 386-809, 410, and also 
Mary Lyons Honmgiui's article on **Tir-na-n’og'' m the Atlanttc Monthly, 
May, 1^, pp 837-044 

Catalog Codtexm Aelrdogorum Graecorum, 4.114-116. 

” Bergk, Paetae Lyrvn Qraea, Frag 6 
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could not live well ahould not live ill There is a tradition that 
they passed a law providing that sexagenarians should take henw 
look." According to another wnter it was customary for people 
on reaching sixty years of age to summon theu* friends as if to 
a sacnfioial feast and then with garlands upon their heads to 
drink the fatal draught.” Hellamcus ” states that the Hjrper- 
boreans tiiemselves took their sexagenanana outside the gates 
and made way with them Seventy was the age the Sardinians 
allowed their old men to reach before thrusting them over a cliff 
amid laughter ” 

When one of the Massagetae became exceedingly old, all his 
relatives gathered together and made a sacrificial offering of him, 
and killing animals along with him they boiled the flesh and 
feasted and made merry If a man died of disease, they did not 
feast upon him, but concealed him in the ground, taku^ it as 
a imsfortune that he did not hve to be sacrificed.” Tradition 
says that the Derbiccae killed men over seventy years of age 
and strangled their wives.” 

While there are many records of historical charactms who 
attained the proverbial npe old age,” we are mterested chiefly 
in fabulous and extravagant accounts Nestor is reported to 
have lived through three generations of mortal men •* The life 
of Tuesias was prolonged by Zeus to seven '* (or mne •*) tunes 
that of mankmd in general ** 

” Strabo, 10 6 6 « AeL, For. fftd, 8.37. 

** Ap Clem Alex, Strom, 1 18 38-85. 

** Tieties, ad Aye Atm, 796 See too Ad, For. fftd, 4 1 

” Herod, 1 216 

■ Ael, For «Mt,4.1. 

■ Pbny, jVol HuL, 7 16&‘16S, Luowa (T), Lonfoeet, Cieeio, De Seneo* 
hU»i Cenaonnua, De Dw Natali, 16, Valenua Maxunua, 8.18, FUeion, 
Lonsoati (> MOller, Frag. Hut. Oraee , 3 608-611) 

IHad, 1 260, Odyu , 3.246. 

*■ Heai^, Fr^ 161 (180) Phlegoa, MatabOta, 4 Roller, op. cit., 
8.618), Hyg, Fob, 76; Laotantiua Haadua on Statma, Thta, 2.76, 
Seoond Vatnaa Mythogradier, 84 (m Scnptam Bentm MyOnatrum Latme, 
ed. Bode)i Taataea, ad Lyo Alu , 6ffi 

” Taataea, loe. eU , moords also the toaditkn of ahM generationa 

” Together vritb Apollo Zeua extends tke life of FhalaiiB two yean. 
—AaL, For. BtaL, 2.4. 
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Pliny eollected a number of uuttanccB of fabulous longevity 
in his Natural History He records that Arganthonius," king 
of the Tartesii, is said to have lived 150 years, Cinyros, a 
Cypnan, 10 years more, Aegimius, 200 years, Epunemdes, the 
Gnosian, 157 years, ** some tribes of the Epu m Aetoha, 200 
years, Pictoreus, a man of remarkable ph 3 rBiquc, 300 years, 
certain kings of Arcadia, 300 years, Dandon, an Illynan, 500 
years, the king of the Lutmii, 600 years, his son, 800 years, 
an age that rivals Methuselah’s 

Josephus gives Hesiod and five other Greeks as authorities 
for his statement that 'the ancients’ lived one thousand years 

At the time of her meeting with Aeneas the Cumaean Sibyl 
was 700 .years old and still had 300 more to live In an in¬ 
scription of Erythrae she says that she is 900 years old,** a rather 
startling admission for a woman. It was stated by an oracle 
that she was to hvc through ten generations of men^i The 
length of her life was surpassed by “the fair-tressed nymphs, 
daughters of the aegis-bcaniig Zeus,’’ who hved ten tunes the 
life of the phoenix « The demons lived 9720 years In Sir Rider 
Haggard’s story, King Solomon's Mines, Gagool, “ the wise and 
terrible woman who does not die,’’ is represented as having lived 
for generations. 

There were entuo nations whose people were said to enjoy 
long life One tradition states that Europe, Asia and Lib 3 ra 
wore islands, and that beyond them was a contment where men 
were twice as tail and lived twice as long as other men Iso- 

n 7 164-155 Cf Augustme, Oe Ctt Dn, 16 12 

** Ciooro, De SmtscMt, 10 69, and Herod, 1 103, aay 120 yean, Pliny, 
NtU. Htsl , 7.150, saya 130 yean, Volenus Maaomtis, 8 13, Ext 4, and 
Censonniu, 17 8, ny 150 yean 

* Hu yean of life are variously given as 154, 157 or 290, according to 
Diogenes Lturtius, 1 10 4 

** AfU, Ivd , 1 8 adfinm See Euseb, Pratp EtanQ , 0 18 

* Ovid, MM , 14 144-146 Cf longaeea saeerdos, Veig, Am , 0 321, 
038 

* See Pauty-Wissowa, s v Stbtfim, p 2086 

** Fhlegon, Longam, 4(a Frag nut. Grose , III 610) See Aristotle (7), 
Ds Mvrsb, Awsc, 96, p. 838 a 6. 

*• Hesiod, Frag. J71 (183). «• Pint, JTor, 416 d 

** Theopmpus, m Mueller, Frog Hitt Grose , I 200. 
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gonuB informs us that a people of India^ tlie Cymi, lived to be 
four hundred years old He believed the same thing to be true 
of the Ethiopian Macrobii ('Long-Livers’), the Seres and the 
inhabitants of Mount Athos The Hyperboreans have already 
been mentioned Other illustrations of long-lived tribes will be 
given in other connections 

The idea of extending one’s days by magical means is not 
very common A complex preparation consisting chiefly of 
^mountain squill/ selected and prepared in accordance with 
certain definite restrictions, is said to have been employed by 
Roman emperors to prolong their lives Pythagoras, its original 
compounder, started to use it at the age of fifty, and lived free 
from disease till he was one hundred and seventeen years old 
The a(*count says that P 3 rthagoras was a philosopher and that he 
could not he ** 

Another way to attain fulness of years is by eating the flesh 
of animals tenacious of life Borne Roman women of princely 
rank partook of venison every mormng and lived a long life 
free from fevers « The ostensible reason here is immunity from 
fevers, since the deer was supposed not to l)c susceptible to them, 
but nevertheless there is some emphasis on long life* A clearer 
illustration is to be found in the story of Medea’s restoration of 
youth to Aeson She infused into his veins a decoction contain¬ 
ing among other things the liver of the long-hved deer,** the skin 

« Ap PIm , Nai IM , 7 27 

" Galen. XIV 567 ff (ed Kuhn) 

Pliny, Nat* li%»i ,8 119, Solinus, 19 17 

“ I’o determine the duration of the life of the deer Alexander the Great 
put golden bands (* necklaces,' according io our informants) upon a number 
of them More than a hundred years later tlicy showed no signs of old age, 
according to Pliny, Nai Hiat^ 8 110, Sohnus, 19 18 Epiphamus (?), 
FkyoKci , 5 (Migne, Paircit Qraec , 43 621) says that the life of tiie deer is 
fifty years Sihus Italicus, 13 124-129, represents one dei^r as living 1000 
yean 

There are many references to the longevity of the deer nvacta eervi, 
Ovid, Met , 3 194, 7 273, wism, De Med Fac , 69, Verg, AV, 7 30, 
ArUM Lai, No 779, lino 115 (ed Riese), kmga et canim senscrus, Juv, 
14 251 Sw too Cic, Tuec Diep , 3 69, Pollux, 2 16, Oppian, Venai, 
2 291-292 The deer was believed to be longer lived than the elephant 
(Paus,S 10.10) 
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of a fltiake, and the head of a crow that had lived nine genera¬ 
tions ** The long hfe of the inhabitants of Athos was attnbuted 
to their using the flesh of vipers as food 


Longevity of Amvicds 

The eagle, too, was long-lived, according to popular belief 
Both Greeks ” and Romans typified longevity by the ex¬ 
pression, ''an eagle’s old age "The old age of the eagle the 
lark’s youth,” was a Greek proverb A Greek writer exhorts 
an emperor to live the long hfe of the eagle, ever renewing his 
youth and strength “ 

There are many passages which attribute to the crow a hfe 
of nine generations« Phoedrus ” assigns to it one thousand 
years of life *To live a crow’s age,' 'to outlive the crows,' 
'to live out the second crow,'«» and similar expressions became 
commonplaces to indicate a long life One long-lived man is 
picturesquely descnlied by a late Byzantine wiiter as competing 
with crows of 'unmeasured lives ' 

“ Ovid, Met , 7 272-274 

« Pbn, Nat I1i9t , 7 27 

**The Indians and French Canadians in Vermont eighty yoors 
ago fried and ate rattlesnakes to secure long life ” — Bergen, Animal and 
Plant Lore, p 70 

** On the long life of the eagle, see Anstotlo, De Amm HiBi , 9 32 619 b« 

•• Ter, Hmat Ttm , 621, Aiis, Bewk V (fVo/), 4 22 
See Suidas, s vv 'AcroD Yqpat 

^ Phile, V enuB de Antmalvum Propnetate, i De Aguilw 
Hesiod, Fnig. 171 (183), Ovid, Am , 2 6 35-^ (eaedte Twwem), 
tdem. Met f 7 274, Arat, Phaen , 1022 {Ivtftkyitpa, See too Hor, 

Carm , 8 17 13 (annoea comtx), Lucre!, 5 1084 {ccrnicum ui $aeda vetmta), 
Juvenal, 10 1046-1047 {Pyliua ex&mplum mtae fmt a eamtee necundae ), 
Mart, 10 67 6 (tarn corntetbue atnnibue eupereleB), Cic , 7V«c, 3 69, 
Ausomus, Book VU, Ed 5, Anthol Lot ^ No 286, line M (ed Riese), 
Ben, Ben , 2 29 1 Anstophanes, Avee^ 609 (cf 967), mookinfi^y gives its 
life OS five generations 

** Appendix, 24 7 So too Ausonius, EpiBt , 18 24 

^ Greek Anthd , 11 301 7 0lt» Ko/din^ 

Pollux, 2 16 (« Com. Anon, 4 680, ed Meineke) 

Babr, Fab , 46 9 6tvrkpu» C^f Gredc Anthol , 6 289 

i ypebs tp4K6fiw»otl IL 69 Befuermfbri rputbpwioi, 11 67 xopMraxdjSv 
CoiwtantiQUB Manaases, Comp Chron , 6333. 
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The age of the phoenix has been given with great rvplicitness 
and variety by ancient authorities as 500,“ 540,“ 1000,’f*’ 1461, 
and 7006 ” years ‘To live the years of the phoenix,' became 
proverbial for longevity t*-” 

The most famous passage with regard to long-lived animals 
IS a fragment oi Hesiod ” 

“Nme generations of aging men doth the chattering crow 
hve, “ four times as long as the crow liveth the stag in throe 
lives of the stag the raven groweth old while the phoenix liveth 
ten times as long as the raven and ten times as long as the 
phoenix live we, the fair-tressed nymphs, daughters of Zeus, the 
Lord of the Aigis " »» 

According to this the crow lives nine times as long as man, 
the stag, 36, the raven, 108, “ the phoenix, 1,080, while the 
nymphs live 10,800 times as long This passage is quoted in 
part or in whole many, many times by ancient wnters, lx)th 
Greek and Roman “ Ausomus made the most effective use of it 
m his Riddle of the Number Three* 


Horod, 2 73, Philostr, ApoUomiui cf Tyanct 3 40, Ovid, Met , 
16 395, Tat, Ann , 6 28, Hioronym, Bpiat ad Praeetd (• Mignc, Falrd 
Qraec , 30 187), Clem Homan, Ep ad Corvntk , 1 25, tdem, Const Apoatol , 
6 7 {- Mignc, Patrol Oraec , I 846) 

“ PIm, Nat Htai , 10 4, Solmua, 33 12 

“ AuBomus, Book 18, Ep 24*; Nonnus Dionys, 40 395, Plmy, Nat 
HtH , 29 29, Laotantnu, De Phomteet 59 

Tac , Ann , 6 28 See also Boohart, Hierotfmmt Part II, p 817* 

» Tsetses, CMl, 6 387ff 

^ Luo, Hermot ,53 Cf Ste tiin phoemexe ixanaxmdare congruat annos 
{AfUhot* Lot, No 254, ed Riese) 

For other references see Ovid, Am , 2 0 54 (nnox phoentx, untca 
amper om), Sen, £p, 42 1; Tac, Ann, 6 28; Statius, Sdv, 2 4 36, 
Aur< Viot, Caaa , 4 12, Claud, De Cana Sitl, 2 414-417, Luxorius, in 
Poetae LaHni Minorea, Bpig , 697 2 

" 171 (183) ” In our own lore the eat has nme lives 

” A W Mair’s translation, p 98 

“ Aoeording to tradition, “Edgar,” a coal black raven hvmg m the 
Tower of London, saw the eari of Essex executed some 300 yean ago. A 
newspaper clipping says that at all events he has been at the Tower as long 
as the pfesent generation can trace 

“ Plut, Afor, 415 c, Pliny, Nat Htat, 7 163; Ausomus, Book 7, 
Sclogua 6 Many quotations from it or referenoea to it are eoUeeted by 
Bsa^, Bemodx Comma, pp. 362-383. 
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Thrice wafl the distaff of Nestor’s dcstuiy replenished with 
purple yanii and as many times doth the crow outlive that 
triple span And could she roll into one nine times the periods 
of three ages, yet by thnee Nestor’s triple span do brazen-footed 
stags surpass her, whereof three hfetimea does the sacred bird 
of Phoebus overpass, to be nine times outstripped by that fowl 
of Ganges, radiate of head within his nest of cinnamon ” 

Inmortahty upon Earth 

The yearning of people to remain upon this earth was not 
limited to a long life or even to a life supcmaturally extended 
Men thought the acme of happiness would be to live here forpv(*r 
TiTiey would be like the deities, whom they called 'immortals ’ « 
In The Dying God Frazer says that savages believe themselves 
naturally immortal Certainly the myths and legends of many 
lands postulate immortality as natural to man and numerous 
stories are fabricated to explain the origin of death “ 

We have seen how the Greeks of the Heroic Age yearned for 
deathlessnoss Both they and their descendants thought it 
possible to secure unmortality by magical means or through 
the kindness of the gods 

Partaking of the food and drink of the gods would enable 
one to escape death The Hours and Gaea, wishing to make 

“ H G Evelyn-White’s translation m the Locb Classical I>ibrar>, 
1 861 

There were a few other Ixiings that were iminortal, e g, Calypso 
5 209), Charybdis (Orfyw, 12 118), the Fates (Tsetses, ad Lyc 
Ate, 406), Silonus (Theopompns, in Mueller, Ftoq Hint Croce, I 290) 

a p 1 

See “Myths of the Ongin of Death,” m Frazer, The BdwJ in Immar^ 
talOy, I 69-86* Compare Plato, PolUuWy 278 c 

** Anstotle, M^phya ^ 2 4 12, attributes this idea to Hesiod and his 
contemporaries The statement is made m negative fashion, to the effect 
that those who have not tasted of nectar and ambrosia arc mortal l^ndar, 
Oiymp , 1,62, seems to beheve that a man would hve as long ns the gods if 
he had the ^vine diet In the Homeno poems it is not oxphcitly stated 
that ambrosia and nectar make one immortal See Seymour, Life in the 
Homeric Age, p* 402 Compare also Homme Hymn to Dehan Apolio, 124- 
120* In Wad, 19 347-348, Athena brmgs nectar and ambrosia to Achilles m 
onkir to enable him to tdlay the pangs of hunger 
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Aristaeus immoitali put nectar and ambrosia on his lips, ^ 
Cypnan Aphrodite dropped ambrosia upon the breast of Bere¬ 
nice ** Zeus had Hera nurse the youthful Heracles 

Tantalus was denied food and drink by the gods because ho 
wished to make his friends immortal by shanng with them the 
nectar and ambrosia of the gods 

Athena begged from Zeus a mcdicme with which she intended 
to make Tydeus immortal Glaucus, the fisherman, acqmrcd 
immortality by oMing the herb or grass which he saw restore 
fish (or a dying hare •*) to life ^ 

A number of mythical beings were supposed to bo able to 
confer eternal life We have seen that (Calypso tried to beguile 
Ulysses with a promise of this boon Moera made Hippon im¬ 
mortal; Qlaucopis, Diomedes 

All-powerful Zeus seems to have restricted his efforts in this 
direction to everlasting existence in the hereafter. Ho made 
Amphiaraus immortal, but m Hades ** He promised immortality 
or rather deification to one^ the sons of Ares.” 

The accounts about tteJfierpetual sleep of Endymion do not 
agree, Apollodorus says that Selene fell in love with his wonder¬ 
ful beauty and that Zeus granted him permission to choose what 

• Pmdar, Pyth , 9 68 (110) 

•• Theocr, 16,100>108 Cf 17 40-47, where it appears that Berenice 
escaped H ade s 

^ Geopan , 11 19 See hkewiae Lyc, Alex , 1327-1328, with Tsetses, ad 
he , Pans, 9 25 2, Died., 4 9, 6 According to Diodorus, 4 9 5, Heracles 
was to secure immortahty after performing the twelve labors enjomed by 
Euiystheus 

•* Pmdar, Olywp , 1 00^, Philostr, V%la ApoU , 3 26, Tsetses, ChU , 
Su 463t-4AA 

« Apollod,filiW,8 0 8 

« Ovid, Met , 13 024-052, Servius, on Verg, Georg , 1 437, Ausomus, 
Moe^, 276 ff , Paus, 0 22 7, Athcm, 7 200 f, sohol on ApoU Rhod, 
Argonaiut , 1 1810, Palaephatus, 27 (28), Tsetses, ad Lye AUx , 754, 

" Nioander, cited by Athenaeus, 7 297 a 

“ For references to similar tales m comparative folklore see Fraser, 
Patfsonios, V 95-96, wfem, Folk-Lore tn the Old Testament, 1,50 ff. 

Clemens Alex, l*rotr , 4 65 (ed SULhlin, 1* 43) 

•* Scliol Pmd , Nem , 10 12 

** ApoUod,, Ptbl ,3 6 8 See Fraser's note adhe^ 

*• Ovid, Fosa, 2 487 
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he would He expressed a wish to sleep forever and to remain 
deathless and always youthful.*' Others say that Zeus in anger 
doomed him to sleep eternally »• ‘Sleep of Endymion’ became a 
commonplace in both Giwk and Latin literature (See Fig 1) 
In the Homenc Hymn to Aphrodite we are told liow Dawn 
requested of Zeus that lu'r beloved Tithonus might live forever, 
but unwittingly forgot to ask for eternal youth The petition 
was granted, but in the course of years Tithonus found himself 
sufToring so much from the infirmities of age that he prayed for 
death, although he could not die In pity the goddess shut 
him up in a chamber and left him there to babble forever An¬ 
other version says that Tithonus asked Dawn herself for im¬ 
mortality, but carelessly neglected to ask for agelessncss When 
he was weighed down with age he besought the goddess to trans- 
fonn him, since he could not die According she changed him 
into a cicada, ‘the most musical of winged things,’ in order that 
she might never cease to hear and enjoy the beauty of his 
voice 

There arc traditions to the effect that Thetis tested the im¬ 
mortality of her children by throwing them into a cauldron of 
(boiling) water or into fire Six of her children perished m this 
way, but Peleus saved the seventh, Achilles The more com¬ 
mon tale is that she tried to make him unmortal by burning out 
by night the mortal element inhented from his father and by 
anointing hun by day with ambrosia 

•' BxU , 1, 7.6 Zcnolniia, CerU , 3 76, is obviously indebted to this 
passage 

Schol ndTheoor, 3 49, Apoll Ehod ^Argomul , p 487, ed Merkel-Koil 
** Plato, Fhaedo^ 72 C, Macanus, C&U , 3 89, Diogcnianus, Cent , 4 40, 
Cio , De Ftn , 5 66, idem, Tusc Ihsp , 1 92 
Lines 220-238 

{{or, Catm , 3 16 30 LonQa TiJthmum minuit senectus 
Sohol, 7/, 11 6 See too pseudo-Plutarch, Prtmrlna AUxandnnorumj 
No LXVm (IXlbner’fl edition of Pliitereb, V 169) 

^ Photius, 368 a 16 (ed liekkcr), 8a\s that locusts were men m days 
long past They had, however, gone through the intermediate stage of 
‘birdhood* 

Sehol Apoll Rhod , Argamut, p 607, ed Merkol-Keil 
Apoll Rhod , Argonaut , 4 869^^OT, Apollod, Bthl , 3 13 6; Sohol, 
II , 16 37 (ed Dmdorf, iv* 109) Cf Tsetses, ad Lyc Alex , 178 
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To make Tnptolemus deathless Demeier stroked him three 
times with her hand, spake three incantations, and put his body 
on a hearth with embers still alive When Domophon, the son 
of Metanira and Coleus, was given to Deinotor to nurse, the god¬ 
dess set hum upon the fire m order to strip off his mortal flesh 
In somewhat similar fashion Ibis tried to confer immortality upon 
the infant son of the king of Byblos by placing him on a fire 
Parallels to such stones have been collected by Fraser 

Through nobility and beneficial acts to mankind it was pos¬ 
sible to secure a special kind of immortality, i e« apotheosis or 
deification Endymion was made a god because of his great 
justice; Argive Diomedes, because of his valor, Heracles 
and Dionysus, because of their virtues, some of the Egyptian 
kings, because of their Ix^ncfactions Diodorus makes the 
generalization that gods were originally men who performed 
great services to mankind and Heraclitus defines gods as 'mi- 
mortol men ' “« Empedocles went so for as to say ‘'An un¬ 
mortal god and no longer a man I wander among you ” Deifi¬ 
cation IS, however, a httle aside from our theme 

The Ltfe^Token 

There is a “widespread class of talcs concerned with the ‘ex¬ 
ternal soul,’ or the belief that a person’s life is liouud up with an 
object outside of his own body ” The loss or destruction of 

!«• Ovid, FoiUi, 4 £51-554 Her efforts came to naught, however, be¬ 
cause she was interrupted 

Apollod , Btbl ,16 1, //omme Hymn to Demetett 236-240 
Plut, Mar , 367 c Her failure, like that of Demetcr with Triptol- 
emus, was explained os due to an interruption m the ceremony 

In hiB edition of Apollodorus, II 3U--317 When Scylla was killed 
by Heracles her father welded her together again by fire — T^eUes, ad Lyc 
Ala , 40. Cf. Dionys in ScM Horn OdysB , 12 85 

'*Ob menta virtutis aut munens decs habitos Euliemenw ox8**qui- 
tur,.. — Mm. Felix, 21 1 So© also sections 2-7 Contrast Plut, 

Mar , 415 b 

ApoUonu ArganatUieay p 487, od. Merkel-Keil 
Sobol Pmd,i\rem, 10 2 Plut, Pdop, 16 5 

Diod., 1 13 1 Lor cit 

“ Lueiaa, Vit Anet , 14 Diogenes Laertius, 8 (62), c 6 

iVaier, ApaUadarw, I 65, note 5 
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this lifo-tokcn involves the death of the person with whom it is 
in vital relation We might almost describe this situation as 
'conditional’ immortality 

Several instances of such thmgs are to be found in classical 
literature Poseidon made Pterelaus immortal by implanting a 
golden hair on his head Amphitryon ravaged the islands of the 
Taphians which ho governed, but could not take Taphos itself 
until the daughter of Pt.orciaus fell in love with her countiy’s 
enemy and pulled the golden hair from her father’s head, where¬ 
upon he died and all the islands wore subjugated 

A remarkably similar tale is told of Nisus, king of Megara, 
who had a purple or golden hair upon his head When Minos 
was besieging Megara, the king’s daughter fell m love with bun, 
plucked the hair from her father’s head and caused his death 
It IB said that when Meleager was seven days old the Fates 
came and declared that he would die when the brand burnuig 
upon the hearth was consiuned On hearmg this Althaea, his 
mother, snatched up the brygid and deposited it m a chest In a 
quarrel after the celebrated boar hunt Meleager slew two of his 
mother’s brothers, whereupon she kindled the brand and caused 
her son to expire Eunpides had a play upon this theme, but 
he made the life of Meleager dependent upon an ohve leaf to 
which his mother had given birth along with her son »» 

There is a fairly close Roman pai^lel to this story. Silvia, 
the young wife of Septimius MarceUus, had a son by Mars. The 
god gave her a spear with which it was said that the fate of the 

Apollod , BiW, 2 4 6,7 Cf. Tsetses, adhye Alex,m 
Apollod. J?»W, 3 15 8, AesclL, Chorph, 617, Verg, Cins, 116 ff , 
Ovid, Met , 8 8 ff For many references to the stoiy Nisus, sese Fraser, 
Apo&odmuBf II 117 

According to J Tsetses {Schtd m LycaphroUt 650) not the life but the 
strength of Nisus was m bis golden hair, when it was pulled out, he became 
weak and was slam by Mmoa According to Hyginus {Fab 198) Nisus was 
dcstuied to reign only so long as ho kept the purple on Jus Jiead ” — 
Fraser, Balder the Beaut^ul, 11 103, note 3 

For parallels to the atones of Pterelaus and Nisus and references to still 
others, see Cook, Zeus, p 343, n 4 

Apollod , Btbl , 1 8.2-^ For many references see Fraser, ad loc, 

Sm J Midalas, Chronoffraphui, pp. 165-166, ed Dmdorf, J Tsetses, 
Schol on Ijyc. Alex , 492-403 
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child should lie bound up Liko Meleager, years later he slew 
hiB mother’s brothers and she burned the spear and brought 
about his death 

In the year 927 aj). the Byaantine emperor Bomanus 1 



Fig 2 Ulysses Passug by the Shores of the Sirens 

(from Furtwanglor, Qntehiteha Vaiifnmalcrn, Tafrl 124) 


(Leoapepus), on learning that a certain statue had a magical 
connection with the life of the Bulgarian Symeon, had the head 
cut off At the same hour Symeon was taken sick and quickly 
died.‘«-«» 

Stones illustrative of the life-token suggest others m which 
the continuance of life is represented as dependent upon the 

»Flut,Para;Ms,26 

w zonaras, Vol III, p 473, lines 7-U («d Bonn) 

** For general referanoes to the subject of the life-token see E S Hart- 
land, The Jjigtnd ci FsrseM, II 1-A4, "The Sepamble Soul,” in Maoeulloch, 
Ths Chetdhaod cf FteOm, pp 118-140, Fraser, ‘"The External Soul ui Folk- 
Tales,” Baidtr the Beautiful, II 08-1S2 
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maintenanoe of conditions of a somewhat different character. 
Alcyoneus, one of the Giants, was immortal so long as he re¬ 
mained m his native land On the advice of Athena, Heracles 
dragged him beyond the lx»rders and slew him Neither Qould 
Antaeus be conquered while he remained m contact with earth 

The Sirens, whose enchanting songs caused manners to hurl 
themselves into the sea, were doomed to die whenever a sailor 
heard their voices and yet passed by in safety By filhng the 
ears of his men with wax and having himself bound to the mast 
of his ship, Ulysses succeeded m doing this, whereupon the Sirens 
cast themselves from the rocks into the waters (Sec Fig. 2) 

Tales who guarded Crete had only one vem in his body. It 
ran from his neck to his ankles (both ankles!) and was closed at 
the end by a bronze nail It was fe.ted that he should die when 
the vein was broken According to Apollonius Rhodius the 
vein and the light membrane which he says was lieneath it were 
both significant of life and death Under pretense of making' 
him immortal Medea took the nail out of his vein and thus 
caused him to bleed to death 

In the case of several cities, their 'salvation,’ which is prac¬ 
tically only another way of saying iheir 'continued existence,’ 
was regarded as dependent on the safety of the statues of deities 
The most famous instance is that of the Palladium of Troy. 

. ^ Apoliod, BiJbl , 1.6 1 Com])are Txetzes, Bchol on Lycophrm, 03 

Apcllod, BiU ,2011 too Ovid, /6ia, 394, Juvfflial, 3. 89, 
Lucan, Phars , 4 598-600 

»• Odyas, 12 38-54, 16&-200, Hyg, Fo6, 141 Cf 125 Harumfatwn 
fuU iamdiu nvere guarndiu earum cardum nwrtah$ auduns nemo praetervectua 
easel 

Bode, Senptorea Berum MyUitearutn Lalint Tree, 1 180, 2 101 Gf 
Strabo, 6 1, p 252 c, Apoliod, fr Sabb, 7 18 The destruction of the 
Sirens is sometunes connected with the stoiy of Orpheus and the Argonauts 
See Apcdlod, BiM , 1 9 25 

^ Schol on Apolt Khod, ArgonaaU ^ 4.1638 The story is told also in 
Apoliod, Bibl , 1 9 26 

^ Argonaut , 4 1648. On the subieot of TaJos see Cook, ^etM, I 719- 
730 

M In ^ew of those details perhaps this story too sliould be regarded as 
illustrating the hfe^tokon Berthold (see p 45 of article cited on p 64), 
seems to dass the story of Tales with those of Nisus and Pterelaus 
ApoUod,B«6}., I 9 26 
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Invulnerability 

There were heroes whose life could not be brought to an end 
through outside agencies except m one vitdl spot Such was 
AchUles In an effort to make him invulneraUe — some say 
immortal — his mother Thetis dipped him m the Styx, but the 
water failed to touch the place where she held him by tie heel.”* 



Fio 3 The Fi|^t over the Corpse of AohiUea, is MoitaHy Wounded 
in His One Vulnerable Spot, the Heel 

(from Mimumentt Tnfdih, PMtieaH daU* Tmlthtta dx CurrxitpandmMa ArehtoloQxea I, Plate LI) 


It was here that Paris, or Apollo m the guise of Pans,*** in¬ 
flicted the fatal wound with an arrow (See Fig 3) 

Closely akin to this story is tiiat of Ajax In his mfancy 
Heracles wrapped a lion’s slan about him and prayed that the 
child might be invulnerable where the dan touched him The 
quiver of Heracles, however, prevented the skin from touchmg 
his side, and so I6ft a vulneraUe spot *•* Acibording to another 
story Heracles was vwquished only after he laid aside a mag- 


u* Btat, AcMO., 1 a8»-271, Serv, od Am, e 67 Fulsentius, 
Afythoi I 8.7, says his mother wished to make him oapaUe of faomg every 
kmd of hasdahip. 

Hyg, Fiii> , 107 Cf, Qumtue SmyiDaeua, 3 62 
’** LyMphion, AU», 456-466, Tsetses, ad loe, Plato, Symp, 219a 
Gf. Pindar, fstA, 6 44r-49 (68-71). 
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ical lapiB Gagalronianes In similar manner Milo of Croton 
never suffered defeat as long as he earned a lapis alectonus 

"Caoneus was formerly a woman, but aft<‘r that Poseidon had 
intercourse with her, she asked to become an invulnerable man, 
wherefore in the battle with the centaurs he thought scorn of 
wounds and killed many of the centaurs, but the «'st of them 
surrounded him and by striking him with fir-tre(3S buried him 
in the earth'' 

Numerous other instances of invulnerability are given in a 
long article by O Beilhold, Die Vnverwuncbarknt in Sage und 
Aherglavben der GnecJien 

Immortality of Animals 

Several horses were endowed with eternal hfe The most 
famous was Pegasus Others wore Balms and Xanthus, which 
Poseidon gave to Peleus as a wedding-present In the Iliad “» 
they are desenbed as ageless and undying ” 

REJUVENATION 

Youth IB ever ideahzed With reluctant resignation 
Theogms says that it is not granted to mortals by the gods 
to have youtli twice In the Iliad,”* however, it is implied that 
deities can cast off a man’s old age and make him young again 
Athena restores the youthful appearance of Ulysses merely with a 
touch of her wand Hebe, the goddess of youth, brought back 
lolaua to the vigor and the appearance of young manhood 

w' DamtgDron, Ih Lapiddm^ XLI (Orphet Ltihicny ed Abel, p 103) 
Damigeron, op ett , XIX (prphei iMhtoaj ecL Abel, p 178), 

"• Fnwer'g tmnslatjon of ApoIIod, ISpit, 1 22 For many other rofer- 
onoes, see leaser, ad he 

This is the first article m Heltffionageschichdtche Verawhe und Ferar- 
hetten, Vol 11 It contains seventy-three pages For an additional interest¬ 
ing magical method see Caiahgua Codteum Aairologonim Oraetsorum, VI 61, 
lines 6-9 

Apoll, Bthl.Z 13 6 Of Ihad, 16.154 
Ihad, 17 443H^. »> lime 1003 

”* 9 446-446. «* 0dy$9,ie 172-174. 

«»Ovid, Afe«,9 394-40a 
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An ancient Lesbian folk-taie rei'ordH how Aphrodite gave to 
Phaon, her ferryman, a salve whicli uuiuirted beauty and youth 
Anis(' seed, too, was supposed to impart a more youthful look to 
the features.**’ 

The most famous restorer of youth was of course Medea At 
the request of Jason, who liesought her to tAke away some of his 
own years and add them to his father’s, she undertook to moke 
the old man young again After long and elalmratc prepara¬ 
tions **' she purified the old man thrice by fire, thricc by water, 
thrice by sulphur 

“ Meanwhile the strong potion m the bronze pot is boilmg, leap¬ 
ing and frothing white with the swcllmg foam In this pot she 
boils roots cut a Thessalian vale, together with seeds, flowers, 
and strong juices 8hc adds to these mgredients pebbles sought 
for in the farthest Orient and sands which the ebbing tide of Ocean 
laves She adds hoar frost gathered under the full moon, the 
wmgs of the uncanny screech-owl with the flesh as well, and the 
entrails of a wen'wolf which has the power of changing its wild- 
beast features into a man’s There also m the pot is the scaly 
skin of a slender C’lnyphian wat.er-8nake, the liver of a long-hved 
stag, to which she adds also the head of a erow mne centuries old 
When with these and a thousand other nameless things the barba¬ 
rian woman had prepared her mon* than mortal plan, she stirred 
it all up with the branch of the fruitful ohve long since dry and 
well mixed the top and bottom together And lo, the old dry 
stick, when moved about in the hot broth, grew green at first, m 
a short tune put forth leaves, and then suddenly was loaded with 
teeming olives And wlierever the froth bubUed over from the 
hollow pot, and the hot drops fell upon the ground, the earth grew 
green and flowers and soft grass sprang up . When she saw this, 
Medea unsheathed her knife and cut the old man’s throat, then 
letting the old blood all run out, she filled his veins with her brew. 

**■ Ael., Var Htti, 12 18, Sonr, ad Verg Atn , 3 279, Palaephst, 49, 
Luoian, Dki Mart , 9 2 Soo also Kosebor, s v Pham 

u* PIm, ATiK Htst, 20 180 Cf Dyer, The P<dk~Lore af ’*lant», p 290 
"One of the special virtues of rosemary was its alnlity to make old foUts 
young again " 

Ovid, Mat , 7 169-200 
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When Aeson had drunk this in part through his lips and part 
throusdi the wound, his beard and hair lost thw hoaiy gfey and 
quickly became black again, his leanness vanished, away went 
Ihe pallor and the look of neglect, the deep wrinkles wore filled 



Fia. 4 The Bejuvonatton of the Bam by Medea 

PetiM li ■wrted figure to the Ml In front of him etiuide Medee, while the daughtgr* of 
FeUw ere at the extreme right (Reproduced from Beummstor'e Dfnkmaler de» AtoMiipAefi 


out with new flesh, his lunbs had the strength of youth Aeson 
was filled with wonder, and remembered that this was he forty 
years ago." 

Medea then proceeded to the palace of Pelus, prepared to 
wxeak vengeance upon him for bis wrongs to his nephew. She 
proved her ability to the daughters of Pelias by changi n g her 
own looks frmn those of an old woman to a maid,*** and also by 
boiling a decrepit ram in a cauldron of herbs *** and making 

*•• O^rid, , 7 2es--2g8 (F J. Millet's ttsna.). 

M* Died., 4 «1.5 

IS Ond, Met., 7 SOS^l; DIod., 1-4. 
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it young again The daughters killed their father, but the 
cauldron was now filled with powerless herbs and failed to 
work."* (See Fig 4.) 

Medea is credited with restoring other people to youth by 
decoction, among them her husband Jason and the nurses of 
Dionysus, together with their husbands Youth was restored 
to the daughters of Occanus, presumably by boiling 

The virtues of boiling water were quite generally recognized 
Tantalus killed his son Polops, cooked him in a kettle, and served 
him at a banquet of the gods.^" In pity the deities restored 
him to life by boiling him in a cauldron When he came 
out again he was fairer than ever to look upon Demeter 
(or, according to others, Themis "*) had unwittingly par¬ 
taken of the repast and hence ivory was used to replace the 
flesh of the shoulder that she had eaten The substitute was 
afterwards exhibited at £lis,"^ but was not seen by Pau^ 
sanias."* 


1** For other references to these activities of Medea see Diodorus, 4, 51 
(entire). Pans, 8 11 2, SSenobius, Cent, 4 02, Flaut, Pseud, 86^71, 
Cic , De Senec , 23 83, Hvg«, Fab , 24, Apollod , Bibl , 1.0,27, Lactontius 
Plaoidus, Narraltonea Fabuiarum, 8 2-4 

“• Ovid, Met , 7 322-349 d Diod , 4 52 2-6 

*** Sfihohum on Aristoph, Eg , 1321, and the Greek Argument to the 
Medea of Eunjindes See £ Maas, ^'Ascbylus und Aristophanes,” Neue 
JakrbacherfUr daa ktaenache Alterlhumf 31 627-036 

Frazer, AvoUodorua, II 359-362, cites many parallels to tlie story of 
Medea and Pelias See also his edition of Pausanias, on 8 11 2 
w Hyg,Fo6,182 

*** See Pindar, Olytnp , 1 24 (37) ^, together with the scholia on 40, 
Lucian, De SaU, 64, Tsetses, ad Ijyc AU^ ^ 152, Berv, ad Verg Aen, 
6 603 and on Georg , 3 7, Hyg, Fait , 83, Senjdarea Renm Mythtcarum 
Lahnif ed G H Bode, 1 100, 186 (Second Vatic^ Mythograpber, 102, 
Third Vatican Mythographer, vi 21) 

Baodhylid^ (a]) Schol. Pmd, Olymp , 1 40n, Vol I, p 30, od 
Dnudimaan) says, however, that it was Rhea was revived him by passing 
him thxou(^ the cauldron. In Pindar’s revised version he is taken out cd 
the cguldton by Clotho, See (Hymp , 1 40 (26) and schohum ad loc, 
“•Apollod, 2 3. 

“• S^., ad Verg Georg , 3 7, uiem, ad Am , 6 003. 

dohdium on Pmdar as cited in note 157 
M /f^st.,28.34 Of. Ovid, Mae, 6.404-406. 

“•See 5.13.6. 
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DionysuB,*" or, to use his mvstic surname, Zn£reuH,i«« 
was cut up and thrown into a cauldron by the Titans, but 
Denioter restored him to life Most accounts speak simply of 
hjs restoration, but two authors do say that he became young 
again 

In the Equitcs of Aristophanes the sausage-seller exi'rcim's 
his art as cook and then says '^By boiling Demos 1 have made 
him beautiful for you instead of ugly ” It is clear from the Ai- 
gumcnt of the play that this is an instance of rejuvenation 

Rejuveifialton and the Drama 

“This turning of an old man into a youth is by no means 
confined to the Knights It was the principal theme of the lost 
play [pt Anstophanes] called OU Age In this comedy the Cho¬ 
rus appears to have cx^nsisted of old men who threw oil their 
age, as the serpent casts his slough, and behaved themselves 
with youthful licence and indecorum * . Two of the frag¬ 
ments may possibly indicate that the process of rejuvenation was 
performed by a Cook We should then have a comic parallel 
to Medea’s boihng of the whole Chorus m Aeschylus’ Nurses of 
Dwnysfue The same motive was used again m the Amphtaraus^ 
where a superstitious old man goes on pilgrimage to Oropus, to 
recover his youth by Incubation m the temple . . ” 

I!)KMi, 3 62 &-7 Cf Comutus, Theologtae Graecae ComjMmdvum, 
0 SOorfjSnom, Mythog Vat, III 12, p 246, ed Uodc, Amob,^dv Naif 
6 19 also Famoll, CttUa qf Greek SlaleSf V 183-102 On restorar 
tton of Bcmelc, see pogos 103-194 

Macrobius, ;Somn Scip ,1 12 (« Abel, Orph , Frag, 206) 

Diod, 3 62 6; Proclus, Hymnus tn ATtrurmim, 6 II ff (» Abel, 
No 206) 

w Line 1321 Ar, Frag. 178 Dind 

xM “pmg 184 I>ind » Pollux x. 104 6 

p&yeipat f* xrX^yas* &aTtp eel iy xQ A oArAf apviKe 

VorlAi tQv tutyetputOy * When this reference to the cook’s knife istak^ in con- 
junotion with Frag 186a as restored by FntsMdi AvoXpiriJ'cti* 7 * wot r4r' 
MpitKiav, It seems certain Uiat a cook was a character m the play, and possi¬ 
ble that be rejavtmated the old men by peelmg off their skins, as if they 
were snakes ” — Comford, The Ongtn qf Athc Camedyt p 91, n 3 

'’See Kailiel, sv 'Anstophanes’ in Pauly-Wiss, n 979, oitmg frag 
102 Dmd » Erotum, 98, 8 K1 ” — Fart of note 6 in Comford, op ctf, p 91 
Comford, op «<, pp 90-01 
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“But, besidoB these cases, it is the usual thing for Aristoph¬ 
anes’ elderly heroes in the eourae of the play to thiow off the 
slough of sour and morose old age, and emerge at the end carry¬ 
ing th(‘ir youthful behaviour to the point of scandal ” 

“ it IS certainly a curious feature which distinguishes 
Anstophanea’ plays from all other forms of Comedy, that they 
present a whole series of heroes who are old men and behave as 
such at the beginning, while at the end they are more or less 
transfigured mto youthful bridegrooms When Trygatnis returns 
from heaven, the Chorus sing that ‘the old man' seems to have 
found happiness and prosi^enty ‘What will you say, then,' says 
Trygaeus, ‘when you see me m my gloiy as a bndegroom?' 'All 
will envy you, old man, when you have become a youth once 
more and are anointed with m 3 rrrh' The case of Trygaeus 
IB not exceptional, but typical Dikaiopolis, Demos, Strepsiades, 
Philocleon, Pisthetairus, Blepyrus, Plutus - all these imdergo, 
m some sense, a similar rejuvenation This is not an obvious 
course for the action of a comedy to take, and that not once or 
twice, but so normally that we find it in eight out of the eleven 
extant plays, while of the remainder one (the Frogs) leads up to 
the resurrection of the elder poet, another (the Lyststrala) has 
no male hero at all.” 


Waier of Life 

The cauldron that Medea used has at times been associated 
with the Foimtain of Youth, but wrongly so The classical 

Comford, op cif, 91 

Trees struck by hi^itning revived when anointed with myrrh — 
(kopmua, 10 70 

»» Comford, op rtt, pp 92-93 See also jiage 93* note 2 ^‘The rejuve¬ 
nation motive occurs m the Bacchae in the persons of Cadmus and Teirosias 
1S4 wot JM^ior^vot wi6uf | /ml npara voXi^', k^yo^ wi> 

fim 1 ykpmfT^f ftipirUik I irApwrit 6»rot Tetr raUT* 

Afiol I kAyc!/ 7 dp xopott Van Lceuwen cites these 

lines to iHustrate the song of the Mystics in the Props 345 y6»v wAXKtrai 
y*p6^Tiaif* I AvnrfloiTai M X63ra( ) xPOvWi £ wn\tu&v iriavroirg Of the 
ChoruB Old Men m the Lyauttraia (Parabosis) 600 vdy itl pw kvn^ai rk\ip 
kkMmwTOfi&wat 1 rkp rk w^a tckwoaotwturPai rh y^paa rkSt '* 

See E W. Hopkuw, ‘The Fountain of Youth,” /. A 0 <S, 26 1-67, 
eepeoiaUy pages 38-43 See also £ Kohde, PspcAe,* 11 300, Tylor, Be- 
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writers had no genuine native tradition of such a fountain, but 
some of the later wnters knew of it among other peoples The 
rejuvenating bath for the eagle was familiar, however, to Je¬ 
rome,who says that it regained its youth by immersing itself 
three times in a fountain Donatus tries to explain the aqutlae 
aenectus of Terence in this fashion, but St Augustine, in com* 
menting on Psalm cm 8, ^^Thy youth is renewed like the 
eagle’s,'’ makes no mention of the belief Greeks and Romans 
knew of traditions, most of them foreign, about the power of 
certain waters to impart youthful vitality and vigor. 

The Ethiopians lived 120 years or more When Cambyses 
sent messengers to find out the secret, they were taken to a 
spnng the waters of which were so light that neither wood nor 
substances more buoyant than wood could float upon it After 
they had bathed, their bodies shone as if they had been anointed 
with oil and they gave off an odor like the scent of violets 
The long hfe of the Seres (300 years) was attributed by some to 
their diet, *'for they say that this entire nation drinks nothing 
but water " 

Beyond the region of the Hyperboreans and Meropes there 
was the land of Anostos, ''the undiscovered country from whose 
bourn no traveler returns " Around it flowed broad rivers, one 
of Pleasure, the other of Sadness, beside whose banks grew largo 
fruit-trees. Those who tasted of the fruit of the trees beside the 


iearchea into the Eaiiy History qf Mankind (1865), pp 352-355, Hastings, 
Encydopasfha qf Reliyion and Ethics, s y Fowdom qf 1 oiUh 

iTB gp ad Praesidium, 18 4 (Migno, Patrol Lot , 30 187) The same 
story is told by Eustathius (Migne, Patrol Grace , 18 732) and by £pi- 
phonius (?), Physiol, 6 (Migne, Patrol Grace , 43 524) 

HeaiU. Tim , 521 Cf Auson, Prqf, 4.22 

Plmy, Nat, HvtLf 10 7, says that the hfo of a certain spoctes of eafdo 
IB spent around lakes. Thu may or may not bo significant Eugraphiiu, m 
eommenting an the passage m Terence alieady refemd to, mentions a popu¬ 
lar belief t^t m old age the eafde lives by dnnking It k explained that it 
cannot eat because the end of its beak Incomes too much curved. Pliny, 
Nat Hut, 10 15, and others say the same thing It u barely possible that 
thu explanation may have been invented after a belief in life-givmg waters 
had dropped from memory. 

IT* Herod, 3 28. Cf. FOnop. Mela, 3 9. 

Lueian (7), Longaevi, 5. 
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river of Sadness died amid tears and sorrow, while those who ate 
of the other flruit cast off tli^ir old and returned to the 
height of their strength, then to youth, boyhood and infancy, and 
finally died 

St Paul was not the only one who could turn pagan beliefs 
to good account. Julius Firmicus Maternus cleverly says iif 
addressing Egyptians* ^^In vam do you think this water which 
you cherish has some virtue, there is another water with which 
men are renewed and reborn 

Many such stories among other peoples have been 
collected/** but no people ever searched for life-giving waters 
with more implicit belief or with greater pertinacity than the 
Spaniards in the New World *•* One scout ‘‘actually saw and 
conversed with men who had drunk at the Fountain of Youth, 
and had comfortably passed their first quarter of a thousand 
years/'*** 

Renewal of Youffi by Antnuils 

The supposed ability to renew youth was both more general 
and easier for the lower orders than for man It is an illuminat¬ 
ing fact that in both Greek and Latin the words for ‘old age' 
(yrjpaSf senectus, senecta) are employed also to designate the cast¬ 
off skin of an animal *** As Frazer jiomtB out/** such uses in- 

*•* Ap Ad., Vor Htst , 3 18 On the retracing of life back to infancy 
and even to disappoaranoe or non-exiBicncc, nee Plato, PdliHcm, 270 d-e 

*•* De Ehrore Profanarum Reltgtmum, c 2 

**• Soc ‘*The Water of Life,»» pp 62-79, of J A Maccullooh, The Childr 
hood of Fictum 

**> They heard about those waters from the Indians of oourso ''It was 
said and beheved by the Indians of Cuba and Espafiota that by bathing m the 
nver Ca certain nvor in Flonda] or the fountain CBimmQ* old men became 
youths ” H £* Bolton (quotmg Herrera), The Spahuk Bafderhwie, p 30 

*•* H R. Bolton, op rtf, p 36 

*■* A^Sepfflot hpetfShdoot AwoetfpfiaTOt, kffrl thrOif fl^cciw wv 

nd h (Erol^an, 8 Kl « 102 Dmd), ion M 

Xtthtpif t6 tpG 6 ^M 0 t AiA r6 Xiirot (Hesychius, a v rvpi* 6 rcpof \tfiripl6os ), 
iffti TdOro t6 lo-xaror 6kppp utd rd ir«pl r&t ytokont iri\v 0 of (Anst, 
De Amm, Hiei , 8 17, 600 b 17* (The passage from Aristotle is bracketed m 
tim Teubner option.) See too Pliny, Rat H«sf, S 111, 9 95, 20 254, 
28* 174, 30 57, 60, SI 

*** Folk-Lore in CAe Old fsstomenf, 1.50, note 1 
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dicate a belief m the renewal of youth by Bloughing the skin 
Afl might bo expected this idea is hoary with age, for Homer 
. uses the same type of expression for castmg off old age os 
later writers do to describe the castmg off of the skin or othei 
mteguinenta by animals 

Aristotle tells us that almost all soft-skmnod animals that 
have scales 'cast their old age' He mentions the gecko, lizard, 
the viper and scn)cnts m general, among the marine creatures, 
the carabi and astaci, among insects, the silphe, empides, the 
coleoptera and cicadas 

Pliny the Elder, relying chiefly if not wholly upon Greek 
sources, names several members of the animal kingdom which 
were supposed to nmew their youth with a change of integument, 
among them crayfish, crabs and newts Another author 
informs us that locusts slough their old age 

Birds molt, but the process is not so sudden or so obvious 
as the changes m the c^ase of snakes and some insects Hierony¬ 
mus,*” liowever, says that old eagles regain the strength of 
youth with a change of feathers. A fresh skin, shell or plumage 
IS not a requisite for the belief in the renewal of life, since dor¬ 
mice were supposed to be young again after hibernating through¬ 
out the winter 

The most picturesque and circumstantial account of the re¬ 
newal of youtii by an animal is as follows "When the snake 
has grown old, it loses its sight If it wishes to become young 
again, it fasts for forty days, so that its skin may become 
loosened, and thus it seeks a narrow opening, so that while it is 
trying to squeeze through, it gets nd of the skin of old age 

iw 0 445-440 y^pnt 4iro(6«c»' Amiotle uses 

Dt Afwm Nat , 8 17 See also Theophrastus m Athenoeus, 3 05 ond 
in Egypt the scarabaeus was a symbol both of the renewal of life 
and of the resumction — Elworthy, Hama of Honour, p 210 
Cf Tsetses, odl/pe AUx ,18 0 

>•» 8 111 Cf. Ael, Do Nat Anm , 3 17 

*»* Tsetses, od Lyc Alex , lli 

1” In laaum, c 40 od finm (Migne, Patrol Lot , 24 412) 

PUny, NaL Htat , 8 224 

Hieronymua, Ep ad Praootd , 18 4 (- MignC; Patrol LaL, 30 187) 
See too Patrol Oroec , 18* 748, 43 528 
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The Phoenician Sanchuntathon likewise attributed the 
'^extremely long life’* of the snake to its casting its skin and so 
renewing its youth.>” In confonnity with this belief is the legend 
that the snake did not die a natural death, but cainc to its end 
only as a result of violence With such views so prevalent and 
so widespread it is not strange that the serpent became a sym¬ 
bol of old age and, according to the same source,of Asclepius, 
who renewed the bodies of men through the healing art 

To the generalization that “Many savages behove that, in 
virtue of periodically casting their skins, certain animals and in 
particular serpents renew their youth and never die,” 203 Ymzvt 
odds that “not a fc»w peoples appear to behove that the happy 
privilege of immortality, obtainable by the sunple process of 
periodically shedding the skin, was once within reach of our 
species, but that through an unhappy chance it was transferred 
to certain of the lower creatures, such as serpents, crabs, 
lizards, and beetles ” 

Frazei conjectures that in the ongmal story of the Garden of 
Eden there were two trees, the Tree of Death and the Tree of 
Life, and that the serpent by its guile persuaded the first pair to 

Eiificb, Praep Evang , 1 10 

*** For still other refpn*nceft to the casting of skins by snakes and the 
renewal of youth, set' Anstoph, Plui , 733, Acl, De Nat Amtn, 9 16, 
Nirander, Ther , 356-366, Dio, 61 2 4, Nonn Dionvs, 41 ISO-182, Horn- 
poUo, iherofflypktcaf 1 2, TzetaeSf ad Lyr Akz^ 18, Verg, Acre, 2 473, 
Vorg, Qearg , 3 437, Serv ad Verg., U ec , Ovid, 7 237, 

Eusebius, loc erf Of Hieronymus, loc erf 

Other reasons have been advancod, however, for the association of 
the snake with Asclepius 

4 na/ 0 Cto JSrerforfAtfntco, p 6 (E Maass) 

*** Frazer, Foffc-Lore %n the Old 7V«tomsn/, I 66 

''According to the natives of Nias toff the ooW of Sumatra] the 
personage who was cliarged by the creator with the duty of putting the last 
touches to man broke his fast on bananas mstead of on nvcr-crabs, as he 
sliould have done, for had he only eaten nverK*mbs, men would have 
changed thw skins like crabs, and like crabs would never have died But 
the serpents, wiser In their generation than men, ate the crabs, and that is 
why tliy are miindrtal,’^ — FVazer, The Scapegoad, p 303 

Folk-Lore vn the Old TrtUammtf I cSft Sw also his captions, “The 
^itory of tho Coat Skin,” pp 66-74, and “The Compomte Story of the Per¬ 
verted Message and the Cost Skin ” pp 74-76, 
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eat, not of the Tree of Life, which would have enabled them to 
live forever, but of the Tree of Death, and that it itoelf acquired 
tile immortality which should have been man’s 

Fraser seems to have missed the following classical story A 
tradition says that Zeus, in return for aid in punishing Prome¬ 
theus for stealing fire from Hephaestus, bestowed upon his 
helpers a magical means of warding off old age This they 
placed upon an ass which they sent ahead of them. It was 
summer and the ass, becoming thusty, went to a spring, but a 
serpent on guard there refused to permit it to dnnk except in 
exchange for the burden The terms were agreed to The ass 
drank, the serpent secured the abihty to slough old age, taking 
m addition the thirst of the ass 

The phoenix, which has already been mentioned m connec¬ 
tion with longevity of animals, is generally described as dying 
and giving nse to another phoenix, but an occasional account 
does speak of its renewal of youth,*** or of its castmg off its old 
age.*** 

THEOBIBB ABOUT BELIEFS 

Longemty 

Both ancients and modems have attempted to explain these 
popular beliefs. The author of tire Longam, a work traditionally 
attributed to Lucian, regards the kmg life of Aiganthomus as a 
fable Pliny **• thinks that some tales of longevity are outright 
hes and that they are due to pecuhanties of chronology, such as 
the year of three months among the Arcadums. St Augustine 
olalioratee this idea.*** 

A Greek whose views are recorded by Plutarch *» thinks that 
m connection with fabulous ages the word genea, which u fre¬ 
quently translated ‘lifetime,’ means ‘year.’ Herodotus*** says 

"* Op eU, I' 45-52. See his paper on “The Serpent and the Tree of 
Life,” fftsope and $iiudm Prewnttd in Wdbam Bidgewt^, pp 415-425 
*** Aelian, D» Nat Antm, 6 51 

tot NomuiB Dionys., 40 305 Meu <* lAtat, tiMlfiurat k veek ghpr 
Cf. Pomp Mda, 3 8 , od finm; Stat, Sif* , 0 4 36 

••• Ludan, Dt Mart, Fener,ST. •*• Nat Hyd, 7.155 

n* D$Ca) Dm, 16.12 *** Mar., 415 d -416 c 

n 2 142. The Bignubgiem Maemm,tv. senes, givee20 yean. 
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three geneat make a century There waa an oracle to the effect 
that the Cumaean Sibyl was to live ten geneta*^* Passages al¬ 
ready quoted give her life as 1000 years, but the Sibyl herself 
mterpreted it as a toecidtm, m the sense in which the term was 
used m connection with the ludt saeeulares, which were held every 
110 years. Juvenalregartfo a aaeeulum as a third of a cen¬ 
tury Ausoiuua»' gives ‘three tunes two and nine times ten 
years’ as the lifetime of men who attain fulness of age, while 
Solon’s celebrated poem makes ten penods of seven years 
each In addition to differences in the meaning of genea, the 
attempt to translate the word into a defimte number of years 
or vice versa, the translation of a definite number of years into 
genmi, would lead to further confusion 

The absence or loss of written records helps the mythologizing 
process Nowhere is this better illustrated than in the history 
of the kingship at Rome. The seven kings reigned from 753 to 
609 B c , an average of 34 years for each one Such a thing can¬ 
not be paralleled in the history of mankind and is absurd on the 
face of it Forty men who occupied tiic ducal chair in Venice 
through five centuries had an average reign of twelve and a half 
years To give but one instance of a redudw ad abmrdutn, if 
we trust the tradition, “Tarqum the second must have ap¬ 
proached the venerable age of 70 when he rose against his fa- 
thor-in-law, must have been more than 90 when he besieged 
Ardea, and 108 or 110 when he fought m the battle of Lake 
Regillus ” *>• 

Even in modern times the clock of the age of septuagenarians 
and octogenarians is set too fast and it takes but a few years for 
them to become centenanans, a situation aptly designated by the 
word centenanamsm **** * 

*“ PhlcKOB, m Moeller, Png ttuL Qme , HI. 610. 

*“ hoe, ai 
» la 346-346 
•» Book 7, Eth 5 

Boridi, PoetcM Lyna Qnm, Fmg 27 (8) 

Ifane, Sarty Some, pp. 66-S6. 

See Willum J Thume, The L&ngemty id Man It* Fart* and It* Pte- 
tiem (Londoa, 16701 
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TbeopfaraBtuB is said to have accused Nature m his last 
moments because she had granted a long life to deer and crows, 
to which it means nothing, whereas she had granted a short life 
to man, to whom life means a great deal An illiterate or imag¬ 
inative person reflecting in this vein might easily go a step 
farther and create stories telling how man did at one time ac¬ 
tually have the boon of longevity or unmortality and finally lost 
it The Greek tale of the way the means of averting old age was 
lost to a serpent is paralleled among several peoples 

Records of long-lived people are doubtless in many instances 
an expression of the yearning of people to live as long as pos¬ 
sible, in spite of the frailties and weaknesses incident to old 
age.»^ Man idealises the past It is easy for him to believe that 
in the distant past or in distant coimtnes things actually liavc 
been as he would like them to be. 

Pliny ”• thinks that much of what Ilosiod has to say about 
the long life of the raven, doer and crow is fabulous and regards 
as still more extravagant his words about the phoenix and the 
nymphs Another doubter, or rather scoffer, is Aristophanes,”^ 
who by way of jest changes the number of generations of the 
crow from nine to five Macrobius speaks of the reputed ages 
of the raven and the crow as mythical. Anstotle did not believe 
that the deer was long-lived lie speaks of the skin of tlie 
snake as the ^'so-called old age A certain pedant, not be¬ 
lieving that crows lived two hundred years, went and bought 
one to find out for himself.*” 

Cio, Ttac, thsp , 3 69 The contrast between the happy lot of 
snakes and the phght of mortals is noted by Nicander, TAmooa, 36^66. 

See Frazer, Th€ Boapogoat^ pp 303-306 
*” Compare Phny, Nai Him , 7 108 Natura vero nilul honumbus 
brevitate vitae praestitit melius Ileboscunt sensus, membra torpent, ptac- 
montur visus, auditus, mceasua, dentes etiam ao ciborum instrumenta, et 
tamen vitae hoc tempus adnumeratur 

*» ATof H%M, 7 163. See too Plat., Mor , 410 a 

Av09,m 
>”^,7.5 11 

Bs Amm HiM , 0.29, 67Sb26 See too Azistoile, Risf. Anm Epii , 
ZmUSuppl Artm,l 1 128,8) 

De Anm* H%M , 6 17, 649 b 26 
s” B^arocles, FocsOoe, No 19 
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The belief that one might lengthen his days by eating the 
flesh of long-lived animals is based of course upon sympathetic 
magic It will be recalled that Achillea was fed on the inwards 
of lions and wild boars and the marrow of bears by his teacher 
Chiron,obviously in order that he might acquire the courage 
and strength of these animals 

I am mclined to l)elicve that the stones of the killing of aged 
men may be reminiscences of days when the old and feeble were 
put to death dunng migrations and war as an alternative to aban¬ 
doning them or allowing them to fall into the hands of the enemy 
Such have happened among Brazilian tnbes ^ 

ImyrnrUxlity 

Lore of uumortality upon earth aroused still greater m- 
cri'dulity Some persons tried to explain away the story of 
Endymion by saying that he hunted dunng the darkness animals 
that sought their prey by night and that he spent the day rest¬ 
ing m a cave, wherefore it was thought that he slept all the time 
Others said that he was the first to become interested m celestial 
phenomena and that as the moon engrossed his attention by 
night he slept by day Still others declared that he was only 
a man very fond of sleep, and that from his addiction to it arose 
the proverb, ‘Sleep of Endymion/ to designate those much given 
to sleep or those doing anything in a sleepy manner Of course 
the tale of Endymion was occasionally used purely as a literary 
embellishment,although not so effectively as Keats employed 
it m modern tunes 

ApoUod , Bthl , 3 13 6 See Frazer’s note cd toe 
See “Honioeopathic Magic of a Plesh Diet," pp 13S-168, m Frazer, 
SpmU of the Con* and qf tho TftW, Vol II 

One such instaaoo it quoted m The Wortd*e Wmk for July, 1926, 
p 319 I have not been able to consult the original source of the statement, 
Ihe&mnea on Attiar of Deaths by F W Smith 

Likewise some pooido said that the sleeper Epimemdes spent con- 
uderable time gathering herbs. See Diogenes Laertius, 1 10 3, and Schclw, 
SiTomana in Qmnmw Cwmxna Araim (ed Breysig, Teuhner, 1809), p 201 

•** ApolUnm AfgmyaeiU^^ ed Merkel-Keil, p 487 

E g, by Cicero, Tuec Diep 1. 92, Endunnum veto «t fabvkte avdvn 
vdumm > Theocritus, 15.107, ts equally frank in catling the story of 
Berenioo a myth. 
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Th(> Immortality of Glaucua is logeniously explained by 
Palaephatus. He was a special kmd of fisherman, a diver On 
one occasion after be had dived he was not seen for scveml da 3 rs 
When asked where he had been, he replied, “In the sea.” He 
spent BO much time in the sea that he was finally called "marine 
Glaucus” or “Glaucus of the sea” Finally he encountered a 
marine monster and was killed When he failed to reappear, 
the story was created that he was makmg his home m the sea 
and living there forever»“ 

People said likewise that the tale about Tithonus was a 
fable, or an allegory, or a nature myth Frazer*" suggests that 
the basis of the tale is the popular lore about the sloughing of its 
shell by the cicada and its consequent immortality 

The gods were called immortals Though it was smd that 
the deities could not procure death for themselves even though 
they wished it,*** and that Zeus was a ruler to whom time 
brought not old age,**’ nevertheless the grave of Zeus was shown 
to visitors in Crete at about the first century of our era *»• There 
were also graves of other gods “• We have seen that the Ho¬ 
meric Hymn io AphrodUe states that the gods do feel old age 
Thinking men placed further limitations upon the so-called om¬ 
nipotence of the supreme deity by denying to him the ability to 
make mortals immortal and to rostore life to the dead **« 

The purpose of fire in the ntM of immortality is expressly 
stated by Ovidand by Apoliodorus *«* It was to purge the 
body of its mortal element. An elaboration of the idea is to be 
found in lambhohus **• 

*** Palaephatus, 27 (28) . *** Tsetsea, ad l/ye AUx,, 18. 

•*• On Apollod., 3 12 4-6 (vd II, p 41) 

M Pirn., Nttl HuU, 2 27 *** Soph, AtOtg., 608-611. 

*u Callim., Hymn to Zmu, 9 aqq , Diod. 8ie, 8 61 2, Luoian, Phla- 
pteudea, 3, tdm, Jv/ppUtr fragoadua, 46; PhOopatru, 10, Cioero, De 
Nat. Door , 8 63, Porphyiy, VUa PyOmgaa*, 17 Pomp Mela, 2 7 12, Min, 
Felix, 21 1,8, Laotantiua, Dim. Intt , 1.11 1 found theae nfetenoes m 
Fraser, The Dying CM, p. 8 

*** Fraier, Tht Dying CM, pp 8-4 
M* Phn., Nat Hiat,2.‘3Sr 

*** Fosd, 4.664:«,. AumoitHm purget at igina amu 
M DM., 8. IS. 6. •"Da Jfyitenu, 6 12 
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Fue deatroyB the material part of aaonfiaea, it punfies all thmgB that 
ora brought near it, nsteamag them from the bonds of matter and, m virtue 
of the punty of its nature, making them meet for oommunion with the gods 
So, too. It releases us from the bondage of oorruptHm, it liki>ns us to the 
go^ it makes us meet for their fnendehip, and it converts our material 
nature mto an immatenal *** 

It IB noteworthy that the ancients recognised bo clearly the 
cleansing — one ib tempted to say stenhnng — effects of fire and 
heat.*“ 


Life-Token and InmibeerdMiUy 

As already pointed out, stones m which the life-token plays 
a part are obviously based on i^ympathetio magic One wnter 
IB strongly molmed, however, to hSfeve that the fiction under¬ 
lying the story of the vein of Talos originated from the »re 
perdue method of hollow-casting m bronsc 

In the article already quoted (p 54) Berthold has shown that 
the traditions in the older Greek wnters rather make no men¬ 
tion of the invulnerabiUty of the many heroes and other beings 
who in the later literature are sard to have been immune to 
wounds, or else, as is generally the case, dosenbe them as having 
been actually wounded. Their invulnerabihty was a tradition 
which grew up as a result of various aspects of the mythologis¬ 
ing process 

'the invulnerability of Ajax may be explained as sympathetic 
magic. We are told by Tsetses that t^ hon which Heracles 
strangled was mvulnerable to iron and all sorts of missiles The 
virtues and the peculiar quahtics of many things are unparted 
to objects which they touch. When the skm of the hon was 
wrapped about Ajax he became mvulnerable wherever contact 
was dieoted. 

*** Fhuwr’i ttMudatioii in Adm%a, Atht, Oetm * (1014), I 181. In The 
Ctaeneel ttmtea, VU* 203, Fruer soys "TImm storiM probably reflect an 
old oustom of possmg a naw-boni ofadd over the flames or keeping it over a 
smoukiering fire for some time, m order to ward off evil influonoe ” 

*** The Mine idea is evidenti^ praaent in the oeremoniee of reiuvenation 
by 

** Cook, ffeM, 1:728-724. Bee note 122 ol this paper 
Ad AUx,, 458. 
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Rejuvenation 

The activities of Medea aroused the scepticism of antiquity 
One mythographer says that there is no proof of her ever having 
boiled people back to youth Ho does say that she was the first 
who found flame-colored and black flowers suitable for dyeing 
grey hair and changing it to a flame color or to black Again, she 
was the first to find the vapor-bath useful for man She gave a 
vnpor-bath to patients only after having sworn them to secrecy, 
so that physicians might not learn of it The bath its(*lf was 
called 'a boiling ’ A man who was ^boiled’ became more nimble 
and healthier When people saw Medea’s cauldron and fire, 
they wore persuaded that she had boiled her patients Pclias, 
who was old and feeble^ could not stand the ordeal and died 
during the treatment 

In describing the wonders of the hot-baths at Baiae a poet of 
the Latin Anthology *** uses language that would be suitable for 
the story of Medea 

Hic scnibus fiorens virtue renovatur anhelis 
His fessos artus viva lavacra fovent 

Rejuvenation by boiling has been mgeniously explained as a 
survival of a ntual of rebirth by candidates for mitiation mto 
some religious cult »<> It is supposed that the Titans, after kill¬ 
ing Dionysus as a kid, boiled him m imlk with a view to his 
being ceremonially reborn “The mystic who aspired to be one 
with his god underwent, or at least claimed to have undergone, 
a like ordeal ” It is held likewise that the references to re¬ 
juvenation in Aristophanes reflect g rite of regeneration. The 
accounts of the boiling of Pelops, who is taken to be simply a 
double of Pelias, are explained in the same way.“»-^“ 

*** Palaephatufl, 43 (44) This reference u to be found moat oonvem- 
ently in MyAographi (Troeci, III, Part 2, pp 64-65 

*** No 211 in Riese’s edition. 

See Comford, The Origin of Aihe Cotnediff pp 86-03 
Op ciLy p 80 On the l>atb of boihng milk os a meona of ntual re¬ 
birth, see Cook, I 677, 785 
Op ci<, p 89 

*** 8^ Comford’s chapter on the "Olympic Games*’ in J, £ Hamaan's 
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Snakes that have shed their skins look rejuvenated The 
savage believes they are rejuvenated “From such observations 
and fancies it is an easy step to the conclusion that man might 
similarly take a fresh lease of life and renew the lease indehuitoly 
if only he could contrive like the animals to got a new skin This 
desirable object the Mexicans apparently sought to accomplish 
by flaying men and wearing their bleedmg skins like gannents 
thrown over their own By so doing persons who suffered from 
cutaneous discloses hoped to acquire a new ami healthy skin, 
and by so doing the priests attempted not merely to revive the 
gods whom they had just slam m the persons of their human 
representatives, but also to restore to their wasting and decaying 
frames all the vigour and energy of youth ” *•* 

^ V 

This papet' is intended to show one aspect of the mner life 
of the ancients In view of our own efforts to retain youth and 
to extend life, it is not without historical interest Advertise¬ 
ments the country over are urging women to "Keep that school¬ 
girl complexion ” Women fail to age after twenty-five or thirty 
Men proudly proclaim that they are seventy or eighty years 
young. We are even resorting to surgical means of restoring 
youth The ancient aspirations seem to be as pronounced as 
ever,*** but in general they find expression in more natural and 
more wholesome ways Physicians are now prescribing common 
sense instead of magic 

ThemiSt pp 243 ff "The Myth of Pelias and that of PeJops have been 
shrewdly and, I believe, nghtly interpreted by Mr F M Comford as pre¬ 
supposing a ntual of regeneration or rebirth — Cook, ZeuSt I 679 

*** In this paragraph I am of course omitting all the evidence for these 
oQDcluBions, * 

“• Fraser, The Scapegoat, pp 304-306. 

There are four books of fairly recent date which would doubtless have 
been widely read had they impeared in antiqmty 
The Prdongation cf IaJc, by l^e Metchmkoff Putnam's, 1008 
(M Age Deferred, hy Arnold Lorand F A Davis Co, l%ila , 1911 
The Abekeheag of Death, by Basil King Doubleday Pago A Co, New 
Yorit, 1023 

R^Mieenatdoa, by Norman Haure. The Macmillan Co, New York, 1025 
Tlua gives case-histones of the wmrk of Stemach, Voronolf and others 



72 


Evgene S. McCartmeg 

A modem idealization of youth that enjoys umversal Bym> 
pathy and approval is the story of Peter Pan, the boy who 
wished never to grow up Though we ideahze youth as much 
as did the ancients, we do not forget that old age too has 
its charms "Grow old along with me. The best is yet to me. 
The last of life for which the first was made," is a sentiment that 
could hardly have found utterance m antiquity. 

UNimnsiTT or Micbiqan 



A DOMINANT BROWN PERICARP 
COLOR IN MAIZE* 

£ G ANDERSON 

BROWN modification of red penoarp color in maize has 
been reported by Emerson (1921) and further discussed by 
Anderson and Emerson (1923) Its factorial relations are as 
follows 

PA — red 
Pa — brown 
p A — colorless 
pa — colorless 

The effect of the factor pair An is to modify the nature of the 
pigment, whose presence and distnbution are determined by the 
P senes of allclomorphio factors (Anderson, 1924). The domi> 
nant A gives a red pigment, the recessive a gives a brown 
The factors A and P are independent 

Among straiDS of brown pericarp from other sources one 
has proved to bo dominant to red This stram was derived 
from a few seeds of brown pen^iurp maize from Ecuador ob* 
tained through Dr. D F. Jones of t^ Connecticut Agncultural 
Experiment Station in 1917 These seeds produced plants too 
late for maturity at Ithaca, New York, but pollen was obtamed 
which made possible a cross with an early maturing stram 
Three Ft plants were grown, two of educh had brown pencarp 
The thud plant had red pencarp. Both of the brown pencarp 
plants were outcroased to white or red*oob white givmg brown, 
ted and white (including red-cob white) pericarps Lack of mar* 

* Fziwr from the Depertmmt of Botany of the Univemty of Michigui, 
No. 2M, repovttna ree onr eh conducted by the author while holding i^ipcrint- 
nent m National Beaearoh Fellow in Biology 
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tunty prevented an accurate classification of most of these 
plants 

Seven red pencarp plants of this generation outcrossed to 
white or red-cob white gave a total of 264 red and 242 white or 
rcd-cob white No browns appeared Another red pencarp 
plant selfod gave only reds and whites 

Five brown pencarp plants outerossed to white (Table I) 
gave a total of 132 brown, 115 red, and 186 white This ratio 
departs rather widely from a 1 1 2 ratio largely through a deficit 
of whites The departure from equahty of the ratio of brown 
to red IS only 1 6 times the probable error 


TABLE I 

Pbogenies op Outcbosses op Brown x White to White 


Pedigree Numbers 

Brown 

Red 

White 

3587 

3 

2 

5 

3588 

6 

5 

7 

3580 

13 

4 

14 

3500 

8 

17 

13 

3500 

26 

27 

46 

3597 

45 

32 

08 

8717 

31 

28 

33 

Total 

132 

116 

180 


One brown pencarp plant from the cross of brown by red- 
cob white was outcross^ to white, giving a progeny of 34 brown, 
20 red, 34 brown-cob white and 33 red-cob white This is a 
close approximation to the 1111 ratio expected on independent 
distnbution of the P factor for pencarp and the factor responsible 
for brown pigmentation. 

From the foregoing data this brown pencarp color appears as a 
dominant to the ordinary red color and is probably due to a 
single factor difference. This factor is independent of the P 
senes of allelomorphs for pencarp odor or at least not closely 
litiltad. Brown pericarp appeared (m dilute sun-red, suiirted, 
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dilute purple, and purple plants in contrast to the recessive 
brown described by Emerson (1921), 

Tests carried out on a brown variegated strain, also of South 
American origin, have given results which parallel those ri'portod 
above The brown color proved dominant to red Selfs and out- 
crosses of brown variegated plants gave red vanegated plants 
as segregates The red variegated plants bred true or segregated 
mto red vanegated and white It has not yet been determined 
if the factor resjxinsible for the brown modification is the same 
as the one present in the brown pericarp race from Ecuador. 
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THE WILD ROSES OF THE MACKINAC 
REGION OF MICHIGAN* 

EILEEN WHITEHEAD ERLANSON 

'POURING June and July, 1924, extensive ooUectionB of wild 
roses wore made, chiefly in the northern parts of Emmet 
and Cheboygan counties, Michigan, by C O. Erlanson In 
August the wnter joined him, and after a week m the same 
region we went over the Strait of Mackinac, and made further 
observations and collections in southeastern Mackinac County 
during the first half of September Smeo tiion several hundred 
loaned herbarium specunens have been exammed, including good 
senes of wild roses from Green Bay, Wisconsin, from around 
Duluth, and from the northwest shore of Lake Supenor, On* 
tario These collections show that many of the numerous forms 
found m the Mackinac region of Michigan are widespread 
throughout the northwestern Great Lakes shore, they arc, 
therefore, not of merely local interest. 

The northwestern Great Lakes lie in the region of north¬ 
eastern hardwoods, with scattered areas of norUieastem pine 
forest and of spruce-fir forest. All three types of vegetation are 
mcluded m the throe Michigan counties visited last summer 
The jack-pine plains of the south part of Cheboygan County 
yielded some extremely mterestmg roses, inchiduig Rosa palm- 
tnSomM Rydberg A largo part of the beech-maple area, since 
being lumbered and bumed over, w an and waste of aspens 
where an oocasional plant of Rota bhnda Ait. is seen Roses do 
not grow in deep shade and are, therefore, absent from tlie conif¬ 
erous woods except for a few weak, strag^ing plants scattered 

* Paper from the Department of Botaiur of the IJmvenity of Miehigea, 

No.m 
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along the margins or in the pathways Single plants of Rom 
acieulana Lindl. were soim now and again in sueh situations, but 
they seldom liore any dowers The rose flora is chiefly charac¬ 
teristic of the sandy beaches and of the beach thickets along the 
lake shores. It consists mainly of the two frequent species, 
Rosa blanda Ait and Rosa aeiadarts Lindl Rosa palustns 
Marsh (R carohna L 1762, not L 1753) forms occasional 
large thickets in the swampy flood-plains of streams, on stream 
banks or in the moist soil of a fosse near a lake shore through¬ 
out the region 

No exotic species were observed last summer, but Dodge (13) 
reported Rosa rvingtnosa L from Mackinac Island and Mackinac 
County The University Herbanum contains a specimen of 
Rosa jnmpitielhfolia L {R spitumsstma L in part) from Emmet 
County, collected along a roadside west of Mackinaw City by 
Dr J. H Khlers in 1616 Dr Ehlers also collected an unusual 
form on the railway bank north of Pellston, Cheltoygan County, 
in 1920, This specimen is low and herbaceous, with the stem 
densely bristly, terminating in a corjrmb of flowers It evidently 
belongs to the group of Rosa sxtffvMa Creene and may have been 
carried in by a railway tram It was bunted for last summer, 
but without success 

In the field I was immediately struck by the apparently 
“intergrading forms” between R aaevlans and iZora Bourgeaux- 
ana Ci^pm, and, to a lessor extent, between R acicuUms and 
R blanda It is probable that hybridization has occurred in tiie 
past and is sUll freely taking place Occasional groups of plants 
wore observed, evidently clones, which exhibited a large per¬ 
centage of small green abortive hips m August, a possible indi¬ 
cation of hybridization These hips fall off easily and would be 
very apt to be musing on herWium specimens Many of 
the anomalous forms of R blanda which appeared to resemble 
R, amculana m certam characters bore full crops ei hips crowded 
with achenes. There is no reason to suppose that many of the 
natural hybrids ore self-sterile On the contrary the F* genera¬ 
tions from oft repeated crosses between the species of Bosa 
whuh occupy the same habitat and flower at the same season 
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are no doubt partly responsible for the interesting senea of 
forms found 

The rosos of this part of Michigan show evidence of the occuiv 
rence of defimte similar sots of micro-epecies within different 
species groups, as found m European rose species by Almquist 
(1), Harnson (16) and others Cr6pin drew attention to the 
phenomenon in 1866 (7), calhngit "parallel variation ” There is 
reason to believe that many species gtoutw (collective species) 
m North America show two senes of forms, one with rounded 
hips and the other with elliptical or taponng hips, another pair 
of forms commonly occurring has one memlior with pubescent 
leaflets and the'other with glabrous leaflets This will be dis¬ 
cussed further under the individual species It may be tiiat the 
species are subject to deflmte mutations which produce, in each, 
forms with glabrous leaflets and sepals, gland-compound teeth, and 
tapenng hips Mr C C Doam (12) believes from his obser¬ 
vations in the field that such characters are largely mfluonced 
by the habitat It is, therefore, of first importance to test this 
hypothesis experimentally in the garden as has been done with 
Rubus by Brainerd and Peiterson (3) Probably both hybridi¬ 
zation and mutation are taking place in the wild roses around 
the Great I^ikes I saw some mdicataon of there being a shade 
form of R actculans var Bourgeautana Cr^pin with pubescent, 
glandless leaflets and simple non-glandular serrations A specimen, 
without flowers, probably R aetculam, collected by Dr Ehlere 
in a Thuya bog near Burt Lake has thm almost glabrous leaflets 
without glands and with very narrow stipules The most ^andu- 
lar speounen of R acundans, with leaflets resinous beneath, was 
found at Pientis Bay growing at the side of a lumber road in a 
fir^oedar stand where it could not receive much sunhght 

Most of these roses in the hving state possess glaucous leaves 
This is a characteristic difficult to detect in dned specimens 

In this account I have treated anomalous specimenB under the 
species they most nearly reeembte. I feel that it is iminacticable 
to do anything else than name such dubious tsrpes as varieties 
of the most similar specific type or, m the case of the most out¬ 
standing ones, to give them ^omial names One’s guess at a 
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possible mode of ongin should hardly become a part of botanical 
nomenclature It is necessary that these forms be grown and 
tested for hybndity and that the suspected cross be made m the 
gardens to re-create the natural hybrids, before an authontative 
nomenclatural statement of hybndity can be made. 

At the end of the last century Dr. J H Bchuette made ex¬ 
tensive field-studies of the wild roses along the shore of Green 
Bay) WiBconsm, and distinguished several distmct vanetics of 
J2. hlanda and of R palustna In his one short publidicd note 
(23) he says that “separating mto good species or distinguishable 
varieties is the best way of advancmg our knowledge of this 
group “ The confusion arising from the ever increasing number 
of species can lie avoided by the adoption of a tnnomial system 
as advocated by Hall and Clements (15) Recognised species are 
then retained and the forms or segregates are described as 
varieties, thus keeping relationships clear 

Writing on hybndism in the New Zealand flora, Cockayne 
(6) remarks that, since “a flora is essentially an instrument for 
the identification of any plant growing wild m the area witii 
which it deals, hybrids should bear names and be desonbed 
equaUy with species ” This has been done m several modem 
European monographs Rohder (19) is naming the known rose 
hybnds at the Arnold Arboretum, inserting the parent names at 
the head of the description. It is unfortunate ^t be does not 
adhere, m every case, to the usual convention of placing the 
name of the seed parent in front of that of the pollen parent. 
Hooker (17) pointed out long ago that it is very easy to dub a 
difficult specimen a hybrid. In this country, with «dl the con* 
venienees of transportation, when a distinct rose specimen is 
found m a herbarium, an effort riundd be made to re-discover 
the form at the original locality so that it may be tested out m 
the garden 

What IS most needed in dealing with polymorphic groups 
such as Rosa is some idea of the range of variation withm the 
species, either from experimental work or ftmn good sets 
complete specimens. This would guard agamst what Cr^pm 
called the “bush-mania.” Intensive local studies are needed 
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but we must also become familiar wiHi the same forms from 
locabties throughout their range to get a correct perspective of 
their relative importance Alphonse de Candolle (4) pointed out 
that “le danger de descriptions faites sur des Scents d4taeh<l8 
de leur ensemble est au maximum quand on choisit pour etudes 
lea fragments locaux d’un group complique et obscur, comme des 
Ridms, Rosa, Hteractum, Saks, MenOia, etc ” A groat weakness 
of the system of caUmg a new form “species A x species B” 
IS that there is always the possibihty of the original forms A 
and B being themselves hybrids — m fact studies on pollen- 
stenlity in the genus (Cole, 6) indicate hybndity in the majority 
of rose species 


Thb Group of Rosa acicularib 

The majority of the plants of this group observed m the 
Mackinac region had the leaflets pubescent and glandular- 
granuliferous beneath, gland-compound teeth and subgiobose hips 
Plants corresponding to the descriptions of R aciculans do occur, 
some without any glandular granules on the leaflets After many 
years of woric M Cr4pin reduced his R. Bov/rgeautam to a variety 
of R, acaeulans, and there is no doubt that J D Hooker would 
have done so I have also been unable to discover any character 
which gives a reliable specific difference between R aeieularta 
and R, Bourgeautana, as diagnosed by Dr Rydberg in the 
North Amenean Flora. Even the hip-form gives a good senes 
from long and narrow, through pjrnform to subgiobose, the 
two latter forms I have seen occumng on the same specimen 
According to Cockayne the veiy existence of such a senes is an 
evidence of crossing between two species Fco* one who tnes 
to determine tiie specimens m this group with Dr Rydberg’s 
key (20), the situation is complicated ^ the fact that it is 
possible to find, within a small area, specimens with the hip 
pyrifoim or subgiobose, leaflets i^andular or non-glandular, teeth 
gtand-oompound or simple, these characters being combmed m 
every possible way. Some of these combinations, such as eUiptio 
hips iritii glandular, gland-serrulate leaflets, are rave in the 
Midbnae region, whereas others ate common. TImre are also 
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glabrous forms in this group, althou^ these are rare. No 
completely glabrous-lcufed form tm been seen from this region, 
but the amount of pubescence vanes widely Some seedlings 
from pubescent types of Rosa acteularis at the Botamcal Garden 
have entirely glabrous leaflets, but others are sparsely pubescent 
in varying degrees The same plants must be observed at matur¬ 
ity before the observations can be mterpreted 

Matthews (18), working on the assumption that hybndizo- 
tion and segregation take place m the European wild rose forms, 
attempted an analysis of some British species on the basis of a 
few separate characters used m classification. He considers 
these as pairs of unit characters, for example, hainness of leaflet 
t>8 glabrousnesB, biserration vs simple teeth, and treats them as 
though they were simple Mendelian allelomorphs It is intcrest- 
mg to And that in several cases all the possible combinations of 
two, three or four pairs of such characters have been found in 
the field and named This author also advocates a return to the 
Linnean conception of species m Rosa, the various combinations 
of unit characters to bo denoted by a purely symbolical method, 
until wo have proved whether or not the dementary species are 
stable 

I tried out this method with tlie specimens of the R. aciculam 
group from the Mackinac region, choosing the rharactenstics 
used to separate the forms in Rydberg’s key, omitting the pres¬ 
ence and absence of glandular granules on the leaflets, sinoo 
almost all our speounens possess them in varying degrees 

In Table I, R represents a plant possessing a roimd hip and r 
an elliptic or pynform hip, P represents pubescent leaflets and p 
glabrous leaflets, *S represents doubly gland-serrate leaflets and 
a leaflets with eglandular teeth It is to be understood that 
these symbols have no genetical significance, smee we know 
nothing of the way in which these charaetenstics are inherited 
I found that plants corresponding to four of the eight possible 
combinations grow in the Mackinac region, but that much con¬ 
fusion exists as to their respective names, and that two others 
have been recognised elsewhere. 
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TABLE I 

COMBZNATION 0 or Three ^hts of Characteristicb in the Group 

OF IlOBA AOICULARIS LuliU 

Hu» round, R, pyriform or elliptic, r 
Leaflets pubcHci'nt, P, Rlalirous, p 

Giand-oompound teeth, B, ogUuidular tocth, s 

Combinations Name of Form 

1 FRS * var BourKPaiiiaua Cr6pin (leafiets glandular beneath) 

2 PRb * var rotunda, n var (leaflets not conspicuously glandular) 

3 Pni * vur Bayionn, iiom nov (leaflets not conspicuously glandular) 

4 PrS * var latniruni, n var (leaflets conspicuously glanduLir) 

^ I U Engohnanni (leaflets conspicuously glandular) 

D prs j 

7 . pRS 
8 pRs 

* These forms arc foimd RrowinK m the Mackinac region Rosa acicu- 
lans m its typical form does not api>uir in this Table because it u not glan- 
dular^ranuhferous 

Roba AcictTLARis Linul — Two ooUections were made of 
plants with the formula Pra, whicli had no trace of glandular 
granules on the leaflets These were Cueboioan County, 
Douglas Lake, 1924, C 0 Erlanaon, No 88, Mackinac County, 
Scotty Bay, 1924, C 0 and E W Erlanaon, No 757 B 
Rosa AcicubARis var Bourgeauiana Cr^pm — Bull Soc 
Bot Belg, 15 30 1876 —The formula PRS corresponds to 

this vanety, having subglobose hips, with a very short neck, 
leaflets with pubescence and glandular granules beneath (varying 
from sparse to dense), and the teet^ doubly gland-serrate The 
shape of the leaflets vanes greatly, as does their size In some 
specimens from the Mackinac region the lateral leaflets are 
sessile, in others they possess distinct petiolules 1-2 mm long 
The following speotmens of this were collected m the Mackmac 
region. Emmet County, Big Stone Bay, 1924, C. 0 Erlanaon, 
Nos. 325, 551, 572, 576, 685, Cheboygan County, Black Lake, 
1924, C 0 Erlanaon, No 618, Mackinac County, Whitefish 
Point, Prcntis Bay, 1924, C O and E, W Erlanaon, No 664 (Bo- 
tamcal Garden, University of Michigan, No 6005), Scotty Bay, 
1924, C 0. and E W. Erlanaon, Nos 767 A, 772 
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A common form closely related to B aacuJarts vat Bowrgeaur 
tana possesses almost eglandular leaflets (glandular granules if 
present being small and sessile) with mmple nonrglandular teeth 
If specimens are exanuned m flower, when the final shape of the 
hypanthium is difficult to judge, there is an even chance that they 
wiU be classified under either R oeteulom or var Bourgmwana 
In Table 1 this form is represented by the formula PRa, which 
I have named var rotumla 

R AcicuLARiB var. rotunda, n. var. — Low bush 2 5-7 dm 
high Stem usually densely bristly with straight unequal bristles, 
branches also bristly. Stipules adnate, 1-4 mm wide and 1-2 cm. 
long, with acute spreading auricles, either glabrous, idnndular* 
granuhferous or finely pubescent on the back, varying on the 
bush. Petiole and rhachis g^brous or pubescent, usually 
gland-hispid and often with a few setae Leaflets mostly 7, some¬ 
times 5, often 9 on the turions, varying from elliptic and acute at 
both ends (e g 19 cm. long x 0 7 <an wide), to oval and obtuse 
at both ends (e g 4.5 cm. long x 3 cm. wide), 1-5 3 cm. long 
and 0.6-28 cm. wide, bright green and glabrous, or nearly so 
above, paler, glaucous, densely pubescent to villous beneath, 
glandular granules, if present, small and not noticeable to the 
naked eye nor to the touch Teeth simple, cibate and eglandular, 
acute to ovate, asoending but convex on both margins Flowers 
solitary to 3 together Bracts conspicuous, ovate, g^brous or 
pubescent on the back with marpns (^dularnnliate. Pedun¬ 
cles ^abrous, rarely with a few weak hiqiid g^ds, from 1-2 3 
cm long, mostly 1-1.5 cm. long, reflexed in fruit. Hypanthium 
ghibrous, subglobose or round elliptic, rounded at the base, nedc 
none at very short, 11-1.4 cm. in diameter, 12-15 cm hig|b 
Sepals lanceolate, caudate-attenuate, 1-13 cm long, tips 0 5-2 
om. long usually about 1 cm. long, glabrous or short-pubescent 
on the back, usually with a few hispid glands, «reot and p«w 
sistent in fruit Petals rose pink, 2-2.5 cm. Imig. The foUowmg 
speeimens were collected in the Madonao region of Michigan. 
Cbiboyoan County, North Fishtail Bay, Dougjlas Lake, 1924, 
C. 0. opnd E. W, ErUsMon, No. 628 (Bot. Card, TJniv. of Mioh., 
No. 6892), Ttpb, jack-pine plains, 1924, C. 0. ErUmton, Nos. 444, 
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405, 407, Emuet Coxtnty, Big Stone Bay, 1924, C O Erlanson, 
Nob 572 A, 575, Mackinac County, Prentia Bay, 1920, J H 
Eklers, No 1401, 1924, C 0, and E. W Erkmsm, Nob 664 A, 
Seotty Bay, 1924, C 0 and E, W. Erlanson, No. 757 (Bot Card , 
Umv of Mich , No. 6006), Bois Blanc Island, 1914, C K Dodge 
(This variety often grows in close association with var. Bawgeau- 
tana ) 

[Rosa AcicuiiAitioiDES Schuette —Specimens of R aeieur 
laris var rotunda, as weU as those of R aetcularts var. Baugeanju- 
ana with leaflets more pubescent than ^andular beneath, will 
run down to R. acicularundes by the lu^ m the North American 
Flora, but they differ from the dcscnption m not having corym¬ 
bose flowers I have seen Schuette’s original specimens of this 
form, now in the Herbarium of the Field Columbian Museum, 
and I am convinced that this is a form of R blanda possessing 
leaflets with glandular teeth. Notes by Schuette on one of his 
sheets of R acucularundea state that similar specimens sent by 
him to Or^pin and Best were placed by them m the group (rf 
R blanda. The habit and leaflets of Sebuette's specimens are 
not at all like those of R. aetcularts The armature of the stem 
is similar to that of R blanda var ktspida, and the npe hips are 
smaller and more opaque than in the forms of R. aaculans 3 

Rosa acicularis var. Sayuma, nom nov — R Sayt Sebwei- 
nits in Keating’s Narr. Exped. lemg., 2 388, 1824, not R acteu- 
Ians var Sayt Rehder,' Cycl. Am. Hart , 1565, 1902 — This 
variety may not be distinct from R aaeulans Ltndl, but I* 
have used it to cover any plants havmg the oombination Pro, 
elhpBoid hips, pubescent l^ets with non-gHandular, usually 
sunple, teeth, also possessing at least scane glandular granules on 

> Rehder in establuhuig the name R. adouhns vir Sayt does not oite 
R. Sayi Sohweinita u a synonym If be did, it would be teofanioslly justi¬ 
fiable to use Behdet’s oombination, even though it wore impossiUe to place 
under it the round-hipped plants which he desenbes. It would likewise 
be in Older to disregard the synonym whioh he does cite R. aeteuUm* 
var BourgeautMia Since ho does not dte Sdiweinits’s name, the only 
aohition of the (flffiouitsr seems to be to make anew vanetal name Behder’e 
varietal name has to be mterpreted by the deaonptKm and by the synonymv 
he does give, latber than by the implied synonymy. It is here treated not 
as a sgmonym of R. Stg/i Sohwein, but mtber at R. Baurytmaano. 
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the under side of the leaflets. The let^ets of i2 aaeularta m the 
Old World are said to be "always eglandular beneath” (Cr^pin, 
10) We have the following specimens from the Mackinac region 
of Michigan Cheboygan County, Dou^^as Lake and vicimty, 
1024, C 0 Erlamon, Nos 92, 98, .353, 355, EhiHET County, 
Cecil Bay, 1022, J H Ehlers, No 2166, 1923, No 2694, C 0 
Erlanaon, 1924, No 311 

Rosa Enoelmanni S Wats —No specimens belonging to 
the R actculana group were found in the Mackinac region cor¬ 
responding to the combination prS (Table I) Dr. Rydbeig (22) 
states that the type of R Engelmanni has leaflets “without 
pubescence, but distinctly giandular-granulifcrous beneath, 
usually double-toothed and with gland-tipped teeth ” He also 
insists that it is a “purely Rocky Moimtam species.” Several 
plants m the Mackinac region were observed having elliptic 
hips, and the leaflets pubescent and densely glandular beneath, 
with distmctly doubly gland-serrate teeth (9) This form I have 
named \ar lacorum 

R ACJCULABTS var lacorum, n var —R Engelnumm S. 
Wats Oard A For , 2 376, 1889, m part but not as to t 3 rpe 
R. aeieulans var Engelmmnt Crdpiti, L H. Bailey, Cyd Am 
Hart , 1565, 1902 — Low bush ^ dm high Stem densely 
bristly; scattered bristles on the branches Stipules adnate, 
1-6 nun wide, 1-2 3 cm long, with ovate, spreading aunclcs, 
usually glabrous and glandulangrsnuhforous on the back, the 
'margins densely glandular-ciliate Petioles and rhachis glandular 
with stipitate glands, glabrous or pubescent, rarely with a few 
setae Leaflets 5-7, vaiying from elbptic and acute at both ends 
(eg. 3 5 cm longx 1.5 cm. wide) to oval and obtuse (eg 
2 6 cm long x 21 cm wide), in length from 1 to 4 5 cm., m 
width from 0 9 to 2.3 cm , dark green and glabrous above, paler, 
g^ucous, sparingly to densely pubescent beneath, with numetous 
conspicuous stipitate, resinous g^ds, doubly serrate with 
gl andular teeth Flowers solitary to 3 together. Bracts, if 
present, conspicuous, ovate, glabrous and ^andular-granuliferous 
on the back, gland-oiliate on the margm. Peduncles g^brous, 
or rarely with a few hispid glands, from 1 to 2 5 cm. long, generally 
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reflcxed in fruit Hjrpanthium glabrous, pynform to oblong or 
elliptic, usually tapenng at the base and with a distinct neck, 
in fruit 0.8-1 4 cm in diameter and 13-21 cm high Beiials 
lanceolate, caudate-attenuate, 08-12 cm long, tips 0 5-1 cm 
long, usually pubescent and gland-hispid on the back, but some¬ 
times glandless or glabrous, erect and persistent in fnut The 
following specimens were collected in the Mackinac region of 
Michigan Mackinac County, Scotty Bay, 1924, C O and 
E. W Erlanaon, No. 761, (Bot Card, Umv of Mich, No 6007) 
(Type), Prentis Bay, 1924, E W Erlamm, No 153, (Bot 
Card, No 6008), Mackinaw City, 1922, H H. BarOett, (Bot 
Card , Umv of Mich , No 2592), Bois Blanc Island, 1913, C K 
Dodge, Emmet County, Cecil Bay, 1916, J H Ehlers, No 222, Big 
Stone Bay, 1921, J H Ehlera, No 1675, 1924, C O Erlanaon, 
Nos. 555, 576 A, Cueboyoan County, Douglas Lake, 1924, C 
0 Erlanaon, No 88 A. 

These five forms seem to be widespread in the northern cen¬ 
tral states and Canada, and, although they mtergrade to some 
extent, they are well marked and diould be looked for m the 
field throughout the wide range of R acicularta This is a cir¬ 
cumpolar species and is apparently more frequent m North 
Amenoa thui m Europe In the examination of herbanum 
material for these forms, it is always difficult, in flowering speci¬ 
mens, to judge from the hypanthium m the flower the s^pe of 
the ripe hips. It would be of great value if local collectors would 
tag a few rose plants with numbered labels and would collect 
the flowers, leafy branches, npe fiiut and turions from each in¬ 
dividual plant for distribution to the herbaria of the country 
There has always been difficulty in distinguishmg some of the 
bristly forms of R blanda from R tuncularta, although the npo 
hips of the latter are bigger than m R blanda and possess m life 
b^utiful pellucid flesh. The direction and general shape of the 
serrations of the leaflets are apparently good characters for 
separatmg the forms of these two specieB, and were stressed by 
C^pm (10). The serrations in the B. aemdana fonns are coarse, 
open, directed outwards, with both sides of a tooth convex, 
m R blanda the serrationB ore directed forward, so that the outer 
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side of each tooth tends to be convex and the inner concave. Dr. 
Almquist lays great stress on the characters of the leaf serrations 
in Rosa and says that glands are unreliable as diagnostic char¬ 
acters It IS important, also, to notice that m the forms of B 
aaeulana the lateral branches bearing flowers are short, under 
10 cm long, while m B. blanda they are almost always over 10 
cm. long 

The B. aeteulane forms are the first of the Mackinac region 
roses to come into flower. In 1924 they began to bloom about 
June 20 and flowering was over after the first week in July The 
flowers are large and showy, with petals often 3 cm long. By 
August 1, the hips were full sise but green. They were npe 
mid-August, 


The Group of Rosa blanda Ait 

B. bUmda is a common species, especially along beach thickets 
and sandy shores It vanes a great deal, apparently with the 
habitat. The leaflets of all the specimens collected in the Madc- 
mac region were found to have at least some short scattered 
hairs on the upper surface, as well as beneath. Plants growmg 
in the dry sandy soil of the aspen formation and the jack-pine 
plains tend to be unarmed, with slender stems and nnall leaflets 
varying from pubescent to glabrate. No completely g^brous 
form was found In the beach thickets and on sandy lake shores, 
B. blanda tends to produce thick shoots, often bristly, with 
leaflets densely pubes^t on botii odes Scnnetimes the ondeN 
ground stems send up shoots almost at the water's edge, vdudi 
flower when only 1.2 dm high and often have 9 leaflets on 
most of the leaves Glandless forms oftoi occur, either with no 
l^ds at all, at with glands on the stipules, the sepals being 
glabrous. 

A form of B. blanda with white flowers was collected on 
Douglas Lake by C. 0 Erlanam, No 396 Tliis is B blanda 
var. alba Sohuette b herb (Type. AQones, Brown Co Wiscon¬ 
sin, J. H SdwdU, June 16, 1896. Herb. Fidd Columb Mus., 
sheet No 379,239.) 

A form colleeted Sept. 7,.l^ {Erkmeon, No. 767) on the 
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shore of Scotty Bay, Mackinac Ckiunty, bore many hips, all 
solitary and only 7-8 mm broad, spherical and crowned by 
gland-hispid erect sepals, with bases as large as the hip Speci¬ 
mens of this are now at the University of Michigan Botamcal 
Gardens (accession No 6004) 

Plants of R, blanda bearing oblong hipe, tapenng at one or 
both ends, corresponding to R. blanda glandtdoaa Schuotte, 
were collected at several stations m Cheboygan County (Bot 
Card, Univ of Mich, No. 5889). The distribution of f^ands 
on the rhachis, stipules, bracts and sepals vanes a great deal, 
often on the same individual. This form has been found near 
Lake Michigan in Indiana by Deam I do not thmk it is neces¬ 
sarily a bybnd with R aciculana, as Dr Rydberg believes. 
Some plants were foimd the last week m August in a shady 
thicket on Douglas Lake (Erlanaon, No 627) with scattered 
bristles on the mam stem, bearing several half-npe subglobose 
hips and many abortive ones which fell off easily This I sua- 
pected to be a hyl»id, but the fruit sterility imght be due to the 
idiaded situation This also is bemg cultivated at Ann Arbor 
(Garden accession No. 5888). 

Many bristly foims of R blanda are common near the shore 
in Macbnao County, corresponding to R blanda var httptda 
Farwell (14) {Erlanaon, No 593) and also to R blanda var 
a!id)gmtnata Schuette {Erlanaon, No 665), with “twm-pnckles 
mtermittent and irregular " 

An mteresting and pussling form grows at the edge of a 
small Ammophila dune on the north shore of Douglas Lake 
{Erlanaon, No. 637) It is about a meter high with the habit of 
R blanda and bears terminal corymbs of ^ot)oee {^brous hips 
by the middle of August. The stem is strongly armed with 
stout curved pnoldes, only occasionally paired, while the shape 
and serration of the leaflets are much as m R palualna It 
approaches some of the specimens of R. earohna aaderUa Schuette 
and might possibly be a hybrid between B blanda and R 
pakutria, ali^ugh the former begins to flower about July 1 and 
ceases to do so by the end of July, white the latter seldom begins 
to flower until the flxst week m August, or later Schuette particu* 
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larly noticed that hia var aculeata flowered from three to four 
weeks earlier than typical R pakutna 

BOSA PALUSTBIFOBHIB RYDBEBO 

Specimens in flower corresponding to the description of this 
species and resembling some of Sehuette’s specimens nere col¬ 
lected July 20, by C. O Erlanson, No. 456, on the jack-pme 
plains five miles south of the town of Indian River, Chelxiygan 
County Two or three plants were seen growing m slightly 
shaded dry sandy soil. 

Tub Group of Rosa pauustrib 

Rosa palustbis Marsh (R carohm of authors) occurs 
throughout the region, but is much less frequent than R bUmda 
and the forms of R aaculans It seems to need fairly nch 
moist soil, a sheltered situation and adequate sunlight It was 
collected from several stations m Chetoygan and Mackinac 
counties The plants were nearly all four or five feet high, 
forming dense but small thickets 

A specimen collected in flower by C. 0 Erlanson at the edge 
of a bog in Cheboygan County was completely unarmed except 
for a few bnstles at the base of the mam stems, its leaflets 
wore short-pubescent above as well as densely fine-puberulent 
beneath It is probably R palustrUi var iner^ (Schuette), n 
comb (Schuette used the vanetal name in his herbarium un¬ 
der Roaa earohna) 

The leaflets on all the specimens observed wore only 5 or 7 
to the leaf and were mostly small for the species Two plants 
from Cheboygan County (Nos 535 and 544) had leaflets varying 
from 0 5 to 3 5 cm only. All our specimens have the lower sur¬ 
face of the leaflets densely short-pubescont all over, except m one 
case. Many have some pubescence on the upper side also The 
specimens collected by Schuette around Green Bay resemble our 
specimens in leaf oharactora. Dr. Rydberg has suggested that 
there may be a northern race of R peduatm with smaller densely 
pubescent leaflets (21) 

R palwtm 18 the last roee-to bloom, in the Maokmac region. 
It begins to flower during the last few days of July mid con- 
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tinues throughout August The flowers arc large and showy, 
with petals usually deep rose and often 3 cm long 

In this part of Michigan R pahtabrts flowers late while R 
blanda is early Further south the fonncr flowers earher and 
often overlaps the flowering period of R bUatda along the south¬ 
ern parts of the latter’s range This reverses the state of affairs 
mentioned by Dr Harnson (16) where the late spnng m Scot¬ 
land brings the flowering periods of R moUts and R pimpineth- 
folta together, giving ample chances for hybndization Unless 
there are certain early-flowenng races of R pabidna m the 
northern part, of its range, as Schuettc’s specimcnB seem to show, 
tliere is not much chance for hjdinds of R palustns and R 
blanda to occur in the Mackinac region 

Dr Almquist has found that the most important characters to 
use in classifying roses are the color and consisteney of the leaves, 
the form of the leaflets, and the shape and direction of the teeth. 
The latter seems to be a reliable character m separating R palus¬ 
tns from all the related forms, as was pomted out by Crdpin (8) 
Counts made of the number of teeth per leaflet m rose speci¬ 
mens from the Mackinac region showed that in A blanda they 
vaiy from 15 to 40, the moan being 29 In R palustns the 
number of teeth per leaflet varied from 25 to 70, the mean bemg 
62 The leaf serrations of the anomalous pnckly form of R. 
blanda (No 637) from Douglas Lake numbered from 30 to 55 
per leaflet, the mean being 42. 

ROSA CABOnilfA L , 1753 

Only one group of plants doubtfully referred to this species 
was found These are on a damp wooded bank at the e^ of 
Douglas Lake on North I'lshtail Bay The’plants are about a 
meter high, unanned except for straight, slender, pauod, infra- 
stipular pnokles on the branches. On August 18 they bore 
small, green, subglobose hips, 8-10 mm in diameter, spanngly 
gland-hispidj with the sepals spreading Leaflets 5 to 7, 2 to 5 
om. long, with sheurt scattered pubescence beneath (Bot. Gard, 
Univ. of Mieh., No 5891) 

This colony is not typical R. earclma, but resembles some of 
the forms of this species collected by Sobuette m Wisoonsm. 
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Thb Group of Rosa suffulta 

The Bpecimens collected July, 1920, near Pellston by Dr 
Ehlers, seem to be a form of R suffidta Greene, with densely 
glandular rhachis and bracts The specimens are m flower and 
possess an elongated hypanthium as in the type known as R 
Buahtt. R. svffuUa has not been observed again m the region and 
may have been a chance introduction Some member of the 
same group was reported as R arkansana by Beal (2) as having 
been collected at Harbor Spnngs, Emmet County, by C. F 
Wheder, but I have not seen his specimens 


KEY TO THE ROSES FOUND OR TO BE EXPECTED 
IN THE UACKINAC REGION 

Achenee panetal, hips usually ^abrousi sepals persistent m fruit 
No paired infra*stipiikr pnokles 
Btem unarmed 

Hips subglobose , « R blanda 

Hips pyriform R blanda yer glandulomi 

Stem bristly 

Flowers m corymbs, flowering laterals 10 om long or more 
Hips sub^obose 

Leaflets Bimple^toothed R blanda yar htaptda 

Leaflets ipd&ndular double-toothed R aaculmotdea 

Flowers solit^ to 3 together, flowering laterals under 
10 cm. long 

Hips jynform or elhpbo 
Leaflets pubescent beneath, teeth simple 
Leaflets not (dandular-gr^uMerous beneath R acwulam 
Leaflets glandular-granuliferous beneath 

R aacularu yai 8ayu$na 

Leaflets pubescent and resxnous^glandular beneath, 
teeth gland->oompound R* actcuiana vor lacanm 

jffips Bubglobose 

Leaflets pubescent beneath, teeth simple R acicuian$ vor rotunda 
Leaflets pubescent and glwdular be^th, teeth gland- 
oompound R oemuforisvar Baurgetmam 

Paired infra-sttpular pnckles on stem and branches R pahuinformu 
Aohenes basal, or wamfy so in A. paluUnaf hypanthium and pedi¬ 
cels fdnnd**hhqp(id, sepahi deciduous in fruit 

Pau^ infiBstipular prickles straight « R carchna 

Paired mfiastipular prickles curved R poitMfris 

Plant unarmed ^ . . R palutirie var tnermis 
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Specimens of all the roses of the Mackinac region cited by 
the writer have been deposited in the Herbanum of the Univer¬ 
sity of Michigan In conclusion I wish to thank Professor 
H H. Bartlett for his helpful suggestions and encouragement 
during this work 

Univerbitt of Mickiqak 
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A METHOD FOR DETERMINING SEED 
VIABILITY BY ELECTRICAL CON¬ 
DUCTIVITY MEASUREMENTS 

GEORGE L FICK AND R P HIBBARD 

STUDY of the vjabjhty or germinating power of seeds still 
ooirtinucs to be interesting Several methods are now in 
vogue for determining viability Some are long, while others 
take a shorter period of time to obtam results The old-fash¬ 
ioned rag-doll and gcrminator methods are long In some cases 
nearly a month passes by before the germination tests ean be 
considered as completed Usually several days have passed by 
befoso germination is completed m many genera and vanetics of 
platts A quicker method has for some tune been sought. 
Reeently (1) viability tests have been made by moans of deter- 
mbiing the catalase content of the given sample of seed The 
method depends on the tlioory that the viability of a seed is 
proportional to its catalase content 

Some years ago Pcirce (2) found that the heat of respiration 
was greater m fresh one-year-old wheat seeds tlian in ten-sroar* 
old seed, and thus concluded that one could ascertain the via¬ 
bility of different known ages of seed by detennining the tem¬ 
peratures they would develop in silvered Dewar flasks under 
conditions suitable for gennmation 

The present work is based on the fundamental prmciple 
broi^ht out by tbe work of Osterhout (3) who showed that 
there was a difference in conductivity of hvmg and dead tissues 
of Laminaria The solutes diffuse outwardly more readily m 
dead material than m living matenal If a proportion could 
l^en be establiBhed between viability and electncai conductivity, 
one would have a rapid method for determining the percentage 
of gennmation of any aamide of seed. 

93 
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As a result of the study, which at this tune must be con¬ 
sidered as preliminary in nature, it is behoved that a corndation 
has been found which is fundamental and which with further 
amendment and improvement can be practically used In the 
ftdl of 1923, aided by the hbcrality of the Ferry Seed Company 
in contributing a fellowship, the writers began the studies, the 
results of which were embodied m a thesis which was m paHaal 
fulfillment of the requirement for the degree of Master of Science 
for the junior author. 

A description of the apparatus may be found in the thesis re¬ 
ferred to above It is practically the same as used by Hibbard 
and Chapman (4) for measuring the conductivity of electrolytes 
The immersion type of electrolytic cell was used, this being 
thrust into the water in which the seeds were soaking Smee tem¬ 
perature changes were found to produce marked differences m re¬ 
sistance readings, the beakers were placed in a constant tem¬ 
perature water-bath regulated to 25“ C 

Two kmds of seeds were used m this prelimmary work as it 
was thought bettor to work intensively with two, than siqier- 
ficially with many sorts. Timothy and red clover were chosen 
as they represent two very different types of seeds — timothy 
having a very large endosperm and red clover none at all 
There were four lots of seed, timothy and red clover of the 1923 
crop, timothy of the 1915 crop, red clover of the 1893 crop. 
It was originally planned to use the 1923 crop entu«ly, and to 
prepare samples of seed showing different percentages oS gemi¬ 
nation by mixing proportional puls of artificially killed seed 
witii the viable ones. In following this plan it was first important 
to determine how large or what weight of sample was fii^ly to 
be used In most oases, and especially with tmiothy, 0.5 gram 
samples wore desired Then 05 gram samples of any desired 
percentage of gennination are easily made from tiie two samples 
(artifioiallly killed seeds and seeds of high viability) by the use 
a well-known formula. 

This original plan was not followed out because it was shown 
that seeds killed artificially by dry beat cannot be used in 
making up Samples cS differont'pereentage genninatiim. The l<d- 
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lowing table shows that the solution from the two lots of artifically 
killed seeds, Lot I (73 9 percent viable) and Lot II (808 per 
cent viable), offer vastly different resistances to the passage of 
an electric current instead of, as would be expected, the same. 


TABLE I 

SoLxmoN Resistancbs (in Ormb) of Abtificiaixy 
Killko Seuos 


Lot No 

I'eat Numbt^r 

i 

2 

8 

4 

1 (73 9 per oent viable) 

2 (89 8 por cent viable) 

8,9G3 

11,083 

8,643 

11,962 

8,870 

11,883 

8,425 

11,862 


Since, as shown alxive, it was not possible to use seeds arti¬ 
ficially killed by heat, the range of gemunatiou was limited be¬ 
tween 73 9 per cent and 89 8 per cent in the case of timothy 
In the short tune available it was impossible to get seed older 
than the 1915 crop. In using the foregomg formula, 0 5 gr 
samples of three intermediate percentages were made (75, 80, 
85) Thus with the extremes tliore were five different sets 
In the case of clover, an old sample from the crop of 1893 was 
finally secured This showed 3 per cent germination The 1923 
crop gave 91.8 per cent germination With these two extremes 
1 -gram samples of percentage germmation varying m increments 
of ten per cent were made up (3.6,10, 20, 30, 40, 50, 60, 70, 80, 
90, 918) 

The various methods attempted will now be briefly described 
Smoe the work of Osterhout had shown that otoe could deterrame 
the resistance of the tissues themselves, it seemed logical to try 
first the method of measuring the resistanoe of the seeds This 
method was beset with difficulties, when put into practice, and 
the results were erratic. 

After this method was abandoned the matter of relative 
Absorption and excretion of salts, as indicated by conductivity 
measorottents, was considered as a possible means of determining 
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Bced viability Sample of seeds of definite weight were Kwkad 
m NaCl or KCl solutions of vaiying concentration for (fiffmot 
lengths of time The seeds were then washed and plaoed m 
conductivity water, the immersion electrolytic cell was introduced, 
and the resistance of the water, salts excreted and the seeds, 
determiniHi at definite intervals The method seemed unsatis¬ 
factory because again there was no constancy in the results, 
the technique was comphcateil and the time required was too 
much 

The third method, which with several modificatums was 
finally adopted, is based on the observed differences m rdative 
outward diffusion of electrolytes from dead and living aaatter 
As first tried it consisted in putting a defimte weight of seed 
into a clean Pyrex beaker of 125 ml capacity containiag 100 
ml of conductivity water The immersion type of clectrcdjrtie 
cell was introducxid and after a lapse of half an hour the re¬ 
sistance of the water, excreted solutes and seeds (solutioo re¬ 
sistance) was determined The readings were contmued at 
definite intervals The following table shows that the sample of 
lower germination had the least resistance, and that the greatest 
diffcrenoo between the nwistanocs of the two samples was at 
10.48, or after the seeds had been m the water one half hour 


TABLE II 

Solution Rksibtancbs (m Ohms) at 25“ C of 
Timothy at Vabious Timb-Intsrvals 
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lot do not have the same germination percentages The per¬ 
centage germination of a sample of seed is found by taking an 
average of half a dozen or more small samples Again samples 
of different percentages would necessarily give different resistance 
readings Thirdly, the stirring was doru» by hand and the ‘per¬ 
sonal error’ might make a difference All tests, that is, a com¬ 
parison of the two lots of different germination percentages, were 
run m pairs, the second following thr(H5 minutes after the first 
The following schedule, taken from the records, shows the details 
of the method finally adopted. 


ScHKDULK OF OPKRATIONS 


In every cose the solution was stirred two minutes, the reading is the 
solution resistanuo 

Lot 3, 0 5 gr Lor 4, 0 5 gm 

9 30 Put in bc^akcr with 100 ml 9 33 Pul in beakor with 100 ml 


conductivity water 
9 45 Solution stirred 
10 15 Solution stirred and electro¬ 
lytic ei»ll inimcrst*cl 
10 30 Ke^mg 50,035 ohms 

10 45 Solution stirred 

11 00 Kaaduig 40,1H5 ohms 
11 15 Solution stirred 
1130 Heading 26,999 ohms 

11 45 Solution stirred 

12 00 Reading 19,187 ohms 

1 45 Solution stirred 

2 00 Heading 10,770 ohms 


conductivity water 
9 48 Solution stint'd 
10 18 Solution stirred and electro¬ 
lytic cell immersed 
10 33 Heading 38,387 ohms 

10 48 Solution BtirnHl 
1103 Heading 22,700 ohms 

11 18 Solution stirred 

11 33 Heading 13,755 ohms 

11 48 Solution stirred 

12 03 Headmg 9,740 ohms 

1 48 Solution stirred 

2 03 Heading 4,076 ohms 


The readings m most cases were at a better ‘working level’ 
at the end of two hours than at tiie end of one hour or one and 
a half hours In other words, the resistance values wero at a 
level BO low that slight mistakes in weighing the sample or 
moBBuring the conductivity water did not produce too large 
errors and yet high enough for an appreciable difference to 
exist between the readings for the two lots 

When the solution resistances (rf the samples of timothy seeds 
of vaiious germination percentages were measured according to 
the schedule above, and run m tnj^icates instead ot in pairs, 
the results appeared as i^wn m Table III 
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TABLE m 

SotimoN Bbbistancss (m Ohms) at 25** C or Tmorar 
IN Samples of Different Germination Pebcbntaoeb 



Niunber of tests 


Germinatum 




Average* 

peroebtages 

1 

2 

3 

73 9 

10,331 

9,400 

0,486 

9,772 

75 0 


9,930 

10,998 



80 0 

11,122 


85 0 

11,211 

11,5127 

11,353 

12,337 

11,400 

12,590 

89 8 

iimgiin 

12,862 


It IB readily seen from the table above that there is a pro¬ 
gressive increase in solution resistance with viabihty mcrease 
There are some discrepancies, however Several readings for a 
certain percentage viabihty are too high This is to be expected 
One specific case can be considered In one test of the 73.9 per 
cent seed, a solution resistance of 10,331 ohms was found, whioh 
IS not only higher than either of the other readings obtained 
for seeds of that viability, but also higher tluui any reading for 
the 76 per cent seed, and ahnoet as high as the reading for the 
80 per cent seed This can be explained oidy by attnbuting it to 
a 'persona] error’ in technique, or by supposing that the par- 
tieidar sample of seed giving the faigha* reading was of hi^w 
germination than the average sample of that class. The latter 
18 a very valid supposition, for, when the germination of the lots 
of seed was onguially detemuned by sproutmg, it was found 
that the different samples used would vary over a range of 7 
par cent for Lot III to 22 per cent for Lot 1. The germination 
of Lot 1 according to the average of 10 tests of 100 seeds eadi 
was 73. 9 per cent, the highest being 83 per cent, the lowest 61 
per cent This diffeience was obtidned despite the very thor¬ 
ough mixing of seed lots prior to sampling Thus it does not 
seem unreasonaUe to suppose that the sample giving the readit^ 
10,831 ohms was of germination ocmsidwaMy hi^mr lhan 73J9 
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per cent More conclusive proof would have been offered in 
support of the correlation between elcctncal resistance and seed 
viability had it been possible to exti'nd the range of genninatian 
percentages of the tunothy samples Very old seeds were sought 
in the hope of getting some of low germination, but with no 
success for the period of tune at our (hsposal The most im¬ 
portant point brought out by the data is that a difference does 
exist between the solution resistance of seeds of high and low 
germination That is the fundamental relationship that must 
form the basis of any future work that kmks toward the practical 
application of this method in the determination of the genmna- 
tion percentages of any lot of seed 

The same method, with only a few modifications, was fol¬ 
lowed for measuring solution resistances of red clover. In this 
case the range of germination was from 3 6 per cent to 918 
per cent The results appear m the foUowmg table 

TABLE IV 

Solution Resistancbs (in Ohms) at 25" C or Red Clover 
Seed for Different Gbruination Pbrcbntaoes 


Germination 

percentages 

Tests 

Average 

1 

2 

a 

4 

3 6 

0,178 

0,182 

8,056 

8,669 

8,770 

10 0 

8,417 


8,007 

7,956 

8,305 

30 0 

8,080 

8,618 

0,441 

8,208 

8,814 

30 0 

9,070 


9,428 

8,000 

0,478 

40 0 

0,007 


11,413 

8,770 

0,680 

00 0 

10,976 


10,004 

r 0,126 

10,360 

00 0 


0,610 

12,120 

9,820 

10,260 

70 0 

12,770 

11,486 

12,626 

10,231 

11,767 

80 0 

11,014 

11,033 

13,886 

10,621 

11,803 

01 8 

13,427 


14,029 

15,201 

14,387 


It appears here also that the resistanoe moteases with the 
germina^on. Agam there are several discrepancies Some 
readings senn too high, others too low No more can be said 
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regarding these than has already been said concerning the 
timothy readings When the results with red clover are put 
mto the form of a graph, the resistance increase is concomitant 
with viability increase, with only two exceptions 

Tlie immediate object of this study was, not to develop a 
method whereby seed viability could be measured by electrical 
conductavity, but to attempt to discover a fundamental correla¬ 
tion lietween seed viability and clectncal conductivity Once 
established, such a basic relationship might lie put to practical 
use in the laboratories of seed finns as a quicker and cheaper 
means of determining the percentage of germination of any lot of 
seeds, than the present method of running germmation tests 

Some recommendations for future work are suggested below 

1 All the stirring was done by hand To avoid ixissible 
error from this source a mechanical stirrer slioukl be used Con¬ 
tinual Stirling would bring about a quickei diop in solution 
resistance to the ‘working level' 

2 It might Ix' Ix'itcr to use larger samples, for then the 
germination would more nearly approximate that of the well- 
mixed lot from which it was taken 

3 The average^ tune of a reading at any penod was two 
minutes SevtTul tunes it hapfiened that the readings were de¬ 
layed and more than two minutes taken It would seem an 
advantage to draw off the solution from the seeds at the stated 
periods Then it would matter little whether the readings wore 
made immediately or shortly afterwords 

4 A new and less fragile typi' of electrolytic cell could be 
devised The present ones are difficult to clean prior to platinisi- 
ing. An open cup of hard rubber would appear to be cheaper 
and less fragile and the electrodes would be easily cleaned 

6 For future work old samples of seed of var3nng degrees of 
viability should be secured, so that no seeds shall have to be 
killed artificially When seeds that have varying degrees of 
viabihty are obtained, then their solution resistances could be 
compared with artificially mixed samples of the same germi¬ 
nation percentages Tins seems a very important consideration, 
for at this time we are cognizant of this possible cnticiem, that 



in the use of varying amounts of dead seed and viable seed to 
make up the various mixtures of mereasmg germination percent¬ 
ages (as in the case' of red clover, 3 b, 10, 20, 30, 40, 50, 60, 
70, 80, 00, 91 8), a rise m the solution resistances along with the 
increasing gennmation might naturally be exi>ecU*d A study 
of samples of known ages and for different germination percent¬ 
ages IS therefore necessary The present study shows, however, 
that m all cases sanipk^s of seed of higher germination showed 
higher resistances than samples of seeds of lower genninatiou 
6 Seeds from various sections of the country, having the 
same viability would also be secured to see what influence the 
soil bos on the electrol}^^ content or composition of the seed as 
indicated by comparative solution resistance measurements 
In conclusion it may be said that these studies dealt with an 
attempt to determine seed viability by an electrical conductivity 
method Two kinds of seed were used timothy possessing a 
large endosperm, and red clover having none at all Three 
methods were studied (1) measunng the resistance of the seeds 
themselves, (2) comparing the relative absorption and excre¬ 
tion of salts, and (3) measuring the relative outward diffusion 
of electrolytes as indicated by conductivity readings The last 
method was adopted The data indicate that a correlation be¬ 
tween electrical conductivity and seed viability exists, which 
with further improvement may be capable of practical appbcatiou. 

Michigan State C3oLuiias 
East Lansing, Michigan 
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ON THE DISTRIBUTION OF THE WATER 
MOLDS, WITH NOTES ON THE OCCUR¬ 
RENCE IN MICHIGAN OF MEMBERS OF 
THE LEPTOMITACEAE AND BLASTOCLA- 
DIACEAE* 


BKSSIE B KANOUSE 

^ REVIEW of the literature of the Saprolegniales soon dis- 
^ closes the fact that but httle attention has been given to the 
habitat distnbution of the fungi m this order, espeemUy m the 
two families Ijoptomitaceae and Blastodadiaceae Von Minden 
(7) comments on the lack of such data and cites Thaxter and 
Humphrey in North America and Cornu wd Petersen m Europe 
as the only ones who have given us information on this subject 
Even in their reports the matter of distribution is usually men* 
tioned only in connection with separate collections with no 
special attention bomg given to eompara^ve distribution of the 
fungi of related genera, nor to methods of collecting. Coker (1) 
has recently added valuable data concerning the occurrence of 
Saprolegniaooae in North Carohnai, but he has not given a de¬ 
tailed description of his methods of collecting 

The following account is based upon collections of fungi made 
during the past year, chiefly m the vicimty of Ann Arbor It 
does not presume to be a eomi^ete survey ci the water molds m 
our waters. It is submitted with the hope that it may prove 
helpful to others who are working on the fungi this group, as 
weU as to point out the need of nmilar data from other locahties 
It also gives added support to Von Minden’s statement (7) that, 

* Paper hnm the Department of Botany of ^ Uiuvemty of Michigan, 

No.m 
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BO far as 18 known, the fungi in this group in North America and 
Europe agree not only in respect to genera found, but also in 
respect to the distribution of these genera 

The method used in making the collections was a modification 
of the one described by Von Mindcn (8) Small wire envelopes 
measuring aliout four by six inches were made of fine-meshed 
netting The bait was put into these, after which they were 
placed in position by means of a wire fastened at one end to the 
wire envelope and at the other end to some support near the 
water This use of wire netting and wire attachment was found 
necessary to prevent the destruction of the bait by water ammals 
such os the muskrat The traps were fastened m position so 
that they remained near the surface of the water or merely a few 
mches below 

It 18 essential to place the bait directly in the water of the 
lakes or streams, rather than to attempt to get infections from 
zoospores that happen to be present in small amoimts of water 
brought into the lalxiratory During the period of infection 
conttumnations of bactena and protozoa are kept m check more 
easily out of doors in moving water, and oertam difficulties m 
the laboratory due to the constantly increasmg concentrations 
developing in jars indoors are likewise avoided 

It IB a matter of common experience to those working m this 
group of fungi, that Saprolegmaccae ore very abundant and can 
lie caught easily by using some form of animal bait It is also 
known that fungi lielongmg to the Leptomitaceae are not ob¬ 
tained on such bait, the experiences of Thaxter (5) and of Von 
Minden (7,8) and others show that such fungi may be found on 
vegetable substrata The bait used in these collections was 
selected therefore with this point m mmd The following ma- 
tenalB were used for bait prune, apple, jfium, pear, peach, 
grapes, quince, cranberry, fruits of rose, erataegus, bittersweet, 
Bolanum, wild cucumber, Indian turnip, pnvet, qiiraea, com, 
stnng-bean, pea pods, carrot, celery, ted pepper, sweet potato 
and Irish potato Other oolleotions were obtaii^ from material 
found lying in the water, twigs, grass, frmt of Pdtandra and 
root stalks of Typhus. 
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The following IS a partial summary of the spocios represented 
m the collections 

Sa'proUgnia ssp were caught on Indian turnip fruit, bitter¬ 
sweet, pepper, carrot, plum, grape, l)can pods and pea pods 
Achlya ssp occurred on apple, iieach, giape, crataegus, solo- 
num, sweet corn, carrot, celery, rod pejiiier, pea pods, liean pods 
and twigs 

iHoachlya sp was caught on sweet corn 
Pyihtomorpha sp made a luxuriant growth on prunes, 
peac^hes, apples, pears, grapes, quince, rose, crataegus, bitter¬ 
sweet, wild cucumber, fruit of Peltandra and carrot 
FythtU7ti asp w(‘re caught on carrot and rose fruits 
LepUmnUia ap was caught on prune and grape 
Apodachlya ap occurred on pmno and apple 
Rhtptdmrn asp w(*r(» obtamed from rose fruits, crataegus fruits, 
apple, and prune 

HlasUfckuiia asp wci'o also found on rose fruits, crataegus fruits 
and apple 

It can be seen from the foregoing list that the bait suitable 
for securing Rhipidiuin, I-icptomitus, Apodachlya and Blasto- 
cladia also served admirably for catching fungi belonging to the 
families Saprolegniaccae, Pjrthiomorphaceae and Pythiaceae 
In the case of the Saprologmales, this summary is of interest 
chiefly because it deinoristiates clearly that wide limits of 
adaptability m reganl to the food-supply exist among the 
species of fungi belonging to the tuo genera Saprolegnia and 
Achlya The fact tliat studenta usually employ some form of 
bait having a high protein content for catching Saprolegnia and 
Achlya does not signify that this is the only bait that can In? 
used successfully* It has l>ecn known for a long time, as shown 
by Klebs (4), Kauffman (3) and others, that certain species 
of Saprolegnia can be grown successfully and easily in culture m 
solutions rich m sugars. It is shown here that the same prin¬ 
ciples bold true in nature, although but httle regard seems to 
have been given to this fact in connection with methods of 
ooUeoting Saprolegmae and Achlyae. 
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Pythwmorpha gonapodtotdes Petenen, which was reported a 
year ago for the first time m America (2), is limited entirely to 
plant substrata The variety of materials used, however, was 
large, as the foregoing list proves In pure culture this fungus 
showed the same marked preference for sugars, and was grown 
with the greatest difficulty on beef gelatine or on bouse flies It 
was defimtely identified during the past year m twenty collections 
and its presence was suspected in additional collections 

Fythia apparently grow well both on plant and on animal 
substrata The list shows only the defimtely identified collec¬ 
tions Other collections presumably contamed Pyihia also 

In the following paragraphs particular attention will be 
given to the fungi m the two famihes, Leptonutaceae and 
Blastocladiaceae It has been clearly demonstrated by Thaxter 
(5, 6) and by Von Mmden (7, 8) that these forms are very 
specific m their use of plant substrata, but this fact does not 
explain why these fungi have been reported so utfrequently by 
both European and Amencan mycologists The Ann Arbor 
collections were secured from several widely separated bodies 
of water, which proves that these fungi are widely distributed 
m our waters That so little has been published concerning 
them may be due to certain difficulties attending the collecting 
It IB veiy likely that a combination of several condiiaons rather 
tbii-w any one alone bespeaks success m securing these water 
molds In the hght of the writer’s experience the following 
pomts and theur bearing on the catchuig of these fungi may be 
considered profitably. 

(a) Selection of bait. 

(b) Length of time the bait is exposed m the water, and the 
temperature of the water 

(c) Conditbn of the water with reference to aeration, etc 

(a) Smoo Rhipidiom and Blastodadia sofiqxNres are pontively 
responsive to the diffusions from plant mateii^, the sdeotion of 
suitable bait is a matter of first oemsideration. The Ann Arbor 
collections were obtained on ^iple, {Mime and erstaegus fruits, 
but chiefly on rose fruits. All these finiits have a fim covering 



Distribution of Water Molds 109 

and compact tissues within. Such fruits afford a distmct ad¬ 
vantage over the softer fruits such as peaches and plums Hip 
covering of the former fruits effectively resists destruction by 
the mechanical action of the water m out-of-door Bituations, 
while under laboratory conditions they are supenor as they re¬ 
main intact for a longer penod of time, which makes the handling 
of rough cultures a relatively easy matter Rapid dismtegration 
of the fruit tissues brmgs about witbm the jar a hi|^ concentration 
of substances, which seems to act m a hannful manneur on these 
fungi Since, as will be jjj^wn presently, it is desirable to leave 
the traps out of doors for a period of several weeks, it is needless 
to emphasize further the speoud Importance of selecting fruits 
that do remain mtact and at the saMe time allow a diffusion of 
substances from within 

It IS not easy to determme whether this resistant fruit- 
covenng acts merely in a mechamcal way as a check against a 
too rapid and detrimental diffusion of substances from the fruits, 
or whether these fruits contam some particularly favorable con¬ 
stituents lacking m the other kmds of bait used It may be 
added that re-mfection of the onginal bait occuned on the 
laboratory rough cultures of apple, rose and crataegus fruits 
during the several months m which the laboratoiy rough rul- 
tures were contmued, while other kinds of bait never showed 
stgns of infection 

The statements just made regatdmg the choice of bait for 
catching Rhipidia apply equally well for securing Blastocladiac 
In the Ann Arbor collections they wen found only in fruit 
coQections In this they agree also with tiie ncords of Blasto- 
dadiae pmviously reported. 

(b) The lengUi of time the bait is exposed in the water seems 
to beiu* a mom or less dinot relation to the kind of water molds 
eaught The longer the time the better the results, nlatively 
^Making. The traps left out of doon for nme days or less never 
eentained anything unusual. A mycelial growth was visible 
on the surface of the fruit, but on close examination this was 
found to be a mixtum of slender niHHsegmented liyphae often 
bitermixed with coarse heavy-walled Adilya-hke hyjdiae. No 
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Hlupidia or Blastocladiae were found at the time the cultures 
were brought into the laboratory, or at any subsequent tune 
during the next three or four months 

On the other hand, some of the long-time exposures wore 
found satisfactory for securing Rhipidia The traps whieli were 
left out for three or four weeks had not only the usual over¬ 
growths of non-segmented mycelium that might have belonged 
to the Saprolegmaceae, etc, but in some instances additional 
fungi lielongmg to the Leptoimtaceae and Blastocladiaceae 
The presence of a luxunant growth of long hyphae so charactens- 
tic of the Saprolegniaceae, which is assured by long exposure, 
may be instrimiental in securing an infection of other fungi 
Rhipidia and Blastocladiae, either single plants or elusters of 
them, could sometimes lie found at the base of some of the tufts 
of non-segmeiitod hyphae It seems entirely probable that the 
long filaments of the rapidly growing Saprolcgniae caught ainl 
hold the spores of Iliiipidia, etc Furthermore, it seems reason¬ 
able to suppose that fungi that develop such extensive systems 
of rhisoids, enlarged basal cells or thoUi have m this manner an 
excellent means of becoming established, and that the chances 
of their becoming attached quickly to smooth surfaces of fruits 
are correspondingly less In laboratory cultures where the water 
18 quiet, cottony clumps of these fungi do develop without tins 
dose association with other fungi 

The addiUonal time of exposure of one or two weeks does not 
greatly affect the amount or kind of contaminations, smee tiiey 
are unavoidable in rough culture Thoir troublesomeness de¬ 
pends largely upon the manner m which the cultures are handled 
after being brought indoors 

The explanation of the differences m the results of the two 
foregoing senes cannot be considered to be due entirely to the 
differences m duration of exposure The temperature relations 
must also be considered as being directly connected with the 
tune-factor The short-tune senes of cultures was made in the 
early fall while the weather waa still warm Dunng September 
and October very little ram fell, ao that tiie water waa not 
changed the disturbances diu to ackhtionB of fresh suppbee 
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of water Some traps were left out for three or four weeks, 
which included the time from the middle of October to the 
early port of December During this period the water gradu¬ 
ally became cooler, in fact, the December collections were re¬ 
moved from the ice It is impossible to estunate the evtent 
of the influence of the lower temperature on the infections and 
Bulisequeiit development, but it is evident that freezing tempera¬ 
ture does not kill these fungi 

(c) The water in which the traps are placed apparently has a 
decided effeet on the kind of fungi caught, but here again it 
must be clearly understood that this factor cannot and must not 
be regarded as the one controlling influence The nature of out- 
of-door collecting with the ever changing conditions makes it 
impossible to give anything except an approximation to actual 
conditions However, there are types of locations that do vaiy 
from one another sufliciently m character, and at the same time 
possess fairly constant conditions, so that m a general way one can 
predict the kind of fungi that may lie obtained As many such 
types of habitat were chosen as the waters around Ann Arlior 
permitted These may be grouped into the following fresh¬ 
water lakes, runmng water of brooks and nver, still water m 
pools near rivers, etc , stagnant water of s«ni-marsby borders of 
lakes * The results indicate that zobspores of Saprolegniae, Achlyae 
and Fythiomorpha are present m all waters In clear rapidly 
movmg water of brooks, nver and clear beaches of lakes, these 
fungi appear almost to the exclusion of other forms The more 
quiet waters seem to favor the catching of other forms also 
This may be due to the fact that vegetation accumulating in or 
near such places offers good substrata for a greater variety of 
fuqgi, or it may mean that because of disint^ration of vegeta¬ 
tion or other processes, the oorrespondmgly higher ooncentrar 
t»ns of substances present in soluUon m water that is being 
changed slowly favor the growth of fung of oertam genera 
At any rate, it was in waters of this kmd that Leptomitus, 
Apodaohlya, Blastooladiae, and Pythia were found Rhtpidia 
wore found in clear water and, with one exception, not m rapidly 
novuig water. The Apodaohlya and Leptomitus collections 
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came from bait suspended m dirty lake water that must have 
contained many decomposition products from the plants Krowing 
at the marshy edge The lake bottom at this location was deep 
mud Pythia were collected from bait placed m clear quiet 
water as well as m stagnant water • 

The care of the material after it is brought mto the labora¬ 
tory determines to a great extent the usefulness of the cultures 
for further study Each collection was kept m rough culture in 
the lalxiratory by first washing the bait carefully m tap water and 
then placing it in a large covered glass capsule containing about 
200 cc of sterile distilled water Contaminations of Penicillium 
are mimmised if the bait is at all times completely covered with 
water. These dishes were then placed immediately in a darkened 
cold room with a temperature rangmg from I” to 4° C Some of 
them wore kept successfully m a cold frame built inside a large wm- 
dow with a section opening to the outside by means of which the 
light and temperature could be regulated Here the temperature 
ranged throughout a wider scale, m both situations the cultures 
kept nicely if the water was renewed occasionally Microsci^HO 
examinations were made beginning immediately after the colleo- 
tions were brought indoors The sudden changes brought about 
by the now indoor surroundings usually result in rapid and 
important developments in the fungi which arc aids in mddng 
preliminary studies and tentative identifications 

Those results are not given as a complete citation of all 
the fungi caught, nor of all the fungi present in these waters 
The mining of such a survey was not the pnmaiy purpose of 
the collecting, hence this list mdudea only those genera that 
were very apparent m the collections, with no attempt to study 
aU species m pure culture. 

conclusions, which are generalities, do mdicate seme 
significant time-saving pomts to be considered m collecting 
water molds,*and reemphasise l^e fact that m nature water 
molds are restnetod m a greater lesser degree m th^r devel<^ 
ment by external conditions 

The two genera of which examples are figured in ^te I, 
were secured from collections on rose fruits made in March, 1^. 
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Figure 1 IS a vanety of Blastochdta ramosa Tliaxter, for which 
the varietal name lunirums, var nov, is proposed This plant 
resembles that of Thaxtor (6) in general habit and manner of 
growth It differs^ however, m having sporangia which measure 
160-170/X X 30-33/X and resting spores that measure 50-^0 x 28 
-30/LX, both of which are considerably larger than tlie measurements 
given for B ramoaa Since the descriptions of B ramosa arc 
not complete, it is difficult to determine whether ibis Michigan 
plant IS merely a vanety or whether further study will show that 
it IS a distinct species 

Figure 2 IS of Rhtptdtum europeum Von Minden This is the 
first record of this plant for America The diclinous origin of 
the anthendia in part separates it from li amencanwn Thaxter 
In conclusion I wish to express my thanks to 13r C H 
Kauffman under whose direction and by whose aid this paper 
was made possible* 

Unxvbrsity of MlCaiQAN 
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DESCRIPTION OP PLATE I 

Fio» 1 H&lnt skMoh of BUtModadm ratnoto var luxunane 
a-b Different atagoei in the formation of resting spores 
e-di. Empty sporangia showing poaiUons on the plant 

Fia 2 Habit sketch of Uhtp^diim suropetm, shoeing enlarged basal por* 
tion with rhiaoids, branches boating sporangia, branches bearing 
odgonia parthenogenetically formed, branch b^ing an antiiendium, 
dkciinous m origin, which w chamoterwtio of this species 
a Immatitre obgonium with pitted wall and shewing the appearance 
of the protoplasm at the periphery 






THE FUNGUS FLORA OF MT. HOOD, 
WITH SOME NEW SPECIES* 

C H. KAUFFMAN 


TOURING the autiunn of 1922, the wntcr, aeoompsnied by 

Mr L. £. Wehmeyer, collected and studied tin fungi in a small 
area at the western base of Mt Hood. By the advice and 
through the kindness of the men of the Portland Office of the 
United States Forest Service, acocanmodations were obtained at 
the ranch-house of Mr. and Mrs W. J. Faubian, just inside the 
western entrance to the Oregon Natknial Forest, and <»t the 
first lap of the Mt Hood Highwi^ For numerous oourteaes 
extendi by the men of the Portland Forestry Office, the writer 
wishes to make grateful acknowledgment 

The foothills rise in abrupt ndges at this pomt, and repre¬ 
sent a portion of radiating outposts of the great mountain peak 
visible beyond. Near by two of the valleys are well watered by 
the Zigsag River and the Sandy River, with their sources m 
the glaciers and snow-fields about twdve nulea fran our station. 
Smaller streams also abound. Simie of the vaUoya and ridges are 
still oovered by forests of Douglas fir, western hemlock, edute fir, 
some scattered cedars, and m low places two spedcs of maple and 
one cS. alder The topography and wateMelations are suiffi as to 
produce a variety of habitats favorable to fungi of all sorts, and 
as the rainy season was well started when we arrived, it Was not 
surprising that within the sinfde month of our stay a large massed 
material eame to hand. The oolteoting was started on Septem- 
beir 31 and terminaitod Octob«' 3A. Tin area oovered was 
aearee^ momi than a two- to three^nfle radias from ths naoh. 

* Bapw torn the Oepertment of Botany of tiw Utuvenity of Mhdii- 
«m,Zto.388. 
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In order to take complete notes and obtain the photographs, 
httle time was left for longer excursions, and m any case, a 
small area well covered is likely to yield a high percentage of the 
possibilities of a larger area 

Aside from collections of parasite fungi, our knowledge of 
Oregon fungi in the past has been brought about m three ways 
Occasionally a local amateur sent specimens to Dr Peck at 
Albany, Professor Atkinson at Cornell University or to Dr. 
Burt at St Ixiuis In this way cMam basidiomycetes and rarely 
species of the other groups received names, the more common 
fungi of interest to forest pathology were also occasionally 
gathered and studied by the pathologists at Washington or 
elsewhere Secondly, Dr. Mumll of the New York Botanical 
Garden, on an explonng expedition for material for the North 
Ammcan Flora, gathered a considerable number of Oregon fungi 
which he later described and named. The latest additions to the 
flora of the State were compiled by Zeller (21) and it is to be 
hoped that this author wiU find opportunity to contmue his 
research in this, an almost unstudied part ot our country 

Two mycological features impress an eastern mycologist when 
he enters the Pacific states west of the Cascade Range. In the 
first place, many species, if one is at all familiar with northern 
European plants, are found to be old Fnesian species In the 
second place he is astonished — nay, somewhat alarmed at his 
own Ignorance — to find so many that appear to be undescnbed. 
Such meager information as we have of that fatal trip to the 
state of Washmgton, by the late Professor Atkinson, mchcates 
that he, too, was impressed by the multitude of new forms, and 
his anxiety to waste no second in this fasematmg country is 
bdieved to have lured him to overtax his strength and to over* 
look the signs of physical exhaustion. 

It has been the author's policy to refrain as mueh as possible 
from the busmess of describmg speises. During 1915, with two 
assistants, the writer spent two months in the mountains ot 
Washington, and obtain^ a large number of (new) spedes. After 
ten years oi oontemplatUm about a considerable number of 
forms then seen, and m frequwt oases again eoileeted in 1922, xt 
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seemed highly desirable m the interests of the future of Pacifio 
Coast mycology, that these spemes should be described The 
more outstanding forms have, therefore, been selected and are 
given below. In order to keep this paper within bounds, only 
the basidiomycetes are included, if possible the other groups 
will be presented later 

All material and typoHspecunens are deposited in the Her¬ 
barium of the University of Michigan 

BASIDIOMTCSTBS 

AGARICALES 

Thelephoracsae 

Hymgnochakte BADio-FERRuaiNEa (Mart) L^v. — On dead 
stems of Focctmum •pamfiorum. 

Hymbnochabtb fuliqinoba (Pers) Bree — On decorticated 
wood of some frondosc tree 

Hymbnochabtb spreta Pk. — On decayed wood Only the 
first setigorous layer is present. 

Sbbacina dbndboidea (Pk. & Cke.) Lloyd —On Fomea 
applanatua. 

STERBini HiBBtrruM Fr —On dead branches of Alnus 
oregona. 

TbeIiBphora caryophyllba Fr. — On decayed wood reno* 
nonts and humus. 

Trblbphora imtybacba Fr —On debris on the ground m 
ooxiifer woods 

Hydnaceab 

CAiiOBBXBiiU. CRiNAtis (Fr) Bourd. A Galats. — On very rot¬ 
ten wood. 

HYomni ATJRiSGAiiPixm Fr. — On cones of Douglas fir Fre¬ 
quent. 

Hyonvm capttmtrsas Fr. — On alder log. 

Hydnvm coKPLiCATDii Banker. — On debns under conifers 
The odor is definitely and agreeably aromatio when the fresh 
idants am bruised. Young or growing jdants are white on and 
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near the margin, “cinnamon-rufous’' (R*) or darker on disk, all 
parts becoming dark-brown to rcddish-blackish-brown after 
bruising or m age, so that the colors vary considerably m differ¬ 
ent plants The texture is hard and tough m the interior por¬ 
tions The spores are as given by Banker (3) 

IIydnum uBAVisoLKNs Dclast var —The same species as 
that reported from Colorado by Kauffman (13, p 116) 

Hydnum FULiGiNHo-vioLActoM Kalchbi -Bres —This is 
without doubt the species described and figured by Bresadola (6) 
MuchonelIiA AaoBEciATA Fr —On bark of decaying birch 
sticks Spores short, ellipsoid, 4r-5 fi, smooth, hyahne 
Phlbbia ciNNABABiNA Bchw —On decayed wood 
Phlebia badiata Fr. — On decayed wood 


Clavabiaceae 

Clavabia cinebba Fr 
('lavabia denba Pk 
Clavabia flavuloides Burt 
Clavabia fusifobmis Fr 
Clavabia lioula Fr 

Clavaria nebulosoides, sp nov — Fruit Body simple, fleshy, 
cylindrical, stipitate, fertile portion 3-5 cm l(Mig, 15-2 mm 
thick, “wood brown” to “fawn color." Stipe slender 1 5-3 cm 
long, minutely pruinose Spores oblong, 5-6 x 2 5 /a, hyahne, 
smooth, cystidia 65-70 x 7-12/t, fairly abundant, hyahne, thm- 
walled, lanceolate, pedicel long and slender, basidia 4-8pored, 
30x5/1. 

On mosses m conifer forest Mt Hood, Oregon October 15. 
Collected by L E Wehmeyer. 

Distinguished by its habit, color and the presence of cjrstidis 
Lacrnocladium ornatipes (Pk) Burt. (See Plate II, Fig. 
1.) — The synonymy of this species is given by Burt (8, p 66). 
Both because the descriptions have been meager, and b^use 
Burt finds the spores of the type-specimens quite a little smaller 

1 “R." as used in tbu paper refers to Ridgway’s Color SUmdarda and 
Nonundature, 1012 
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than in our specimens and as given by Peck, I mclude here a 
more complete description Fruit Body 4-8 cm tall, dichotom* 
ously branched, with few to several main branches Febtilk 
Branches occupying mostly only the upper half of the plant, 
subfieshy, smooth, “avellaneous” (R), or {wder towards the tips, 
dilated and compressed-subrugosc upwards, terminal branches 
attenuated-acutc, with pointed apices in two’s or three’s Stem 
and sterile branches 3-4 cm long, 3 8 mm thick, rather tough, 
clothed by a stngose-hairy thick covering, “army-brown” (R) 
to “avellaneous,” subterete or compressed upwards, context 
solid, subspoiigv, similar to, but of a deeper color than, the hy- 
memum Sporiss spherical, with abrupt slender apiculus, hya¬ 
line, smooth, granular within, 9-10 ys (115 with apiculus), ba- 
sidia 1-2-spored, rarely 3-spored, on long sulicurvcd stengmata, 
cystidia none Odor none, taste mild or slowly somewhat 
bitter 

Growing on mossy humus or very rotten debns under coni- 
fers October 

PistillaiU fusifortnis, sp nov (See Plate II, Fig 2) — 
Fruit Body fleshy, white, subfusiform-acummate, 3-5 mm. tall, 
somewhat curved, fertile fiortion sulicomprcssed, sometimes fur¬ 
rowed on the flattened side St&m slender, scarcely more than 1 
mm long, terete, minutely hairy, white, sclcrotium none 
Spores oval-elliptical to subglobose, 7 5 X 6 /x, hyaline, smooth, 
baaidia 45 x 8^9 ja* 2- to 3-spored with promment, slender steng¬ 
mata, cystidia none 

On d^yed coniferous wood. Gregarious Mt Hood, Ore¬ 
gon Octobw 7. (Collected by L E Wehmeyer. 

The body is entirely fleshy, spongy and hennogeneouB within 
The general shape and appearance are like that shown by Pa- 
touillard (18) for P roaellae var. ramosa, Fig 53, but otherwise 
different. 

Ttphula FHAOORRHI2A Fr. — In alder thickets 

Typliuk cystidk^ora, sp nov — Fruit Boot simple, fer¬ 
tile portion oylmdncal, 2^ cm long, 1-1.5 mm thick, obtuse, 
subpruinose or almost glabrous under a lens, white or tinted pde 
yellowish; context soft, fleshy, suMit^ile Stem filiform, 2-2.5 



cm. long, .5-1 nun. in diameter, tough, eonoolor, minutely hir* 
Bute Spores narrowly elliptic-eubovate, guttate, smooth, sub- 
hyaline and tinged ochraceous, 5-6.5 x 2.5-3 ft, basidia 4rBpored, 
slender, 4&-.50 x 4-5 fi, cystidia abundant, lanceolate to sub- 
cylmdnc below, subacute to subcapitate above, hyalme, thm- 
walled, pedicel slender, 56-75 x 8-12 ja. Sclebotiuh fuscous, 
depressed-eubglobose, 4-6 mm. diameter 

On moist soil among mosses in conifer forest Subgregarious 
Mt. Hood, Oregon. October 12. Collected by C H Kauffman. 

This differs from T gyrana Fr and other related species in 
the presence of cystidia throughout the hymenium and by the 
elongated fertile portion of the plant 

Ttphttla. mocor Pat — Fruit Body white, 1-1 5 cm. tall, 
fertile portion oblong, 2-3 mm. long, 2-3 mm thick, glabrous 
Stem very slender, hhform, 1-.3 nun tiuok, glabrous, composed 
of parallel hyalme hyphae, 2.5 ft diam Sclerotium mmute, sub- 
globose, dark brown. Spores subcyhndnc, hsralme, smooth, 
7-9 5x2 5-3 jUi cystidia none, basidia 4-spored, 24-26 x 4-5 ja. 
On decaying leaves of frondose trees October. 

This minute species is so close to that figured and described 
by Patouillard (18) that it must be considered at most merdy 
a taller foim 


POLTPORaCBAB 

FoMEB lONiABiUB Ft — On trunlcB (tf alder and willow. Tbifl 
18 the form usually found on poplar. 

Mbbuliub fuoax Fr. — On conifer wood. 

Mebuliub hexaoonoidbb Burt. — On decayed wood and 
bark Fertile portion when fresh ''tawny*' to "Saocardo-um^ 
ber” (R), sterile margin white. 

Meruuub pikabtri (Fr) Burt. — On rotten wood m conifer 
forest 

Mbbuliub tbbmbllosub Fr.—On decayed sticks andbrandieB. 

POLYPOBUS AUBAMTIACUB Pk. — On h^Ock iQg 

PoLYPOBUB BLBOANB Ft. — On dead luanches. 

PoLYPOBUS ciNNAMOuaus Fr. — On Bandy ground. 

PoLYPOBUS PBAGILIB Fr. -r* Ob logs Dou^as fir. 
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PoLTPOBUB GALACTimJS Fr. — On very rotten wood, among 
alder and maple 

PoLYPOBUB GUTTULATUs Pk — On conifer log 
PoLYPOBUs (ganooebma) obegombnbib Mumll —On com- 
fer log. 

POLYPORUB HIRTUB Fr — On tho base of a dead Douglas fir 
stub 

PoLYPORUs PEBENNis Fr — On the ground, conifer forest. 
PoLYPORUs piciPEs Fr — On oonifw logs. 

PoLYPORUB RADIATU8 Fr — On dead alder trunk 
PoLYPOBUB BENSomuB Fr.-LIoyd. — On decayed log of Doug¬ 
las fir 

PoLYPORUB ScHWEiNiTZii Fp. — On roots of Douglas fir. 
PoLYPOBUS BULPHUBKUS Fr — On Douglas fir logs 
PoLYSTicTus iiiRSUTUs Fr. — On alder branches 
PoBiA FEBBUomoBA Fr —On fallen branches of ilcer ctr- 
anatum and yloer macrophyllum 

PoBiA MEDULLA-PANis Ft. var. COLOBATA Ovcrh. — On de¬ 
cayed wood of Douglas fir 

PoRiA MOLLUBCA Fr — On much decayed wood, probably of 
frondose trees 

Tbametes cabnea Nees — On Douglas fir logs 
Boletacbae 

Boletinvs pictus Pk. 

Boletus gbanulatub Fr. — Whitidi form 
Boletxts lutbus Fr. 

Boletus bubtomentosus Fr 
Boletus tomentobus Kauff 

Boletus mibabilis Mumll. (See Pfate III) — Pilbus 
fieshy, fim, 5-12 cm. broad, "maroon" (R) colored, dry, 
dens^ velvety tomentose, with an mcurved, sterile, narrow, 
metobranouE margm, flesh compact, pale yellowish, becomuig 
raddisfawtinted or riiot tiiroui^ witii red streaks when cut or 
bruised. Tubes "citron-yellow" (R) when young, becoming 
“olive-yellow" whMi bruised or in age, 10-16 mm long, adnate, 
BsiTowly depressed around the stem, not stuffed, regular. 
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mouthB angular, 1-1 5 per millimeter, disaepimentB thick, entire. 
Stkm stout and often rather long, 10-12(16) em long, tapenng 
upwards from the clavate base, very abruptly short-pointed at 
base, Bubviscid, pale yellow and more or less reticulate at apex, 
conspicuously and longitudinally streaked by “maroon” color, 
white at the veiy base, 1-2 5 cm thick above, 2-5 5 cm thick 
below, solid, flesh yellowish upwards, at length tinged with 
reddish, whitish downwards Bfobes 18-24(27) x6 9 /i, ven- 
tncose-fusiform, smooth and even, yellowish-ochraceous, exo- 
spore tinted reddish, basidia 4-epored, 48-50 x 12 15 fi, cys- 
tidia fairly abundant, ventncose-lanceolate, hyaline, 90 x 15-24 ju, 
obtuse at apex, |x>dicel slender. Odor and taste mild 

On the ground m fir forests Mt Hood, Oregon Septem¬ 
ber 28 and 30 Collected by L E Wehineyer 

Only B ruaaelh and B Betula have spores approaching m 
size those of this species By the stem characters, however, its 
relationship is elsewhere In the fresh condition the stem is 
covered by a dcUcate hoanness, of cobweb-hke texture, which is 
responsible for the slight viscidity in wet weather, and which u 
continuous at first with the incurved delicate membranous mar* 
gm of the pileus Occasionally the tubes verge mto the reticular 
tions at the apex of the stem, so as to appear slightly decurrent. 
The flesh and tubes do not turn Mue when wounded Under the 
arrangement of Dr. Peck, the species molmes towards the Car 
lopodes, although the stems m the speciroens seen were reticu¬ 
late only at the apex It departs from the characters assumed 
for the Edules in the tubes not being at first stuffed, although 
it approaches such large species as B exitntw and B edukt 
in color and size. Murrill {Mycologta, 4,98, 217) named and 
described tliis species, but evidently under other weather con¬ 
ditions, as its piletia is said to be bay color and its surface 
composed of floocose, but rigid, conic persistent papillae 

AoABicaciiAa 

Amaotta JCKomUiBA Qu^ —This is reported from North 
Carolina by Beai^ee (4), also as A. gemmata (Fr.) GOI. by 
Coker (9). I hare collect^ the North Carolina plant a number 
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of times in Virginia and Maryland The collections from that 
region have spores which tend to average below 9 /a long, while m 
the European plant the spores are given 10-12 x 7-8 /t by Hicken 
, (20) and 11-13 x 7-9 m by Botidier (5) In the West, a very 
sumlar species is found, with the spores measuring 10-12 x 7-8 u 
The latter 1 believe to be the genuine A jungmllea as desenbed 
m Europe 1 do not feel sure that the plant from the Eastern 
United States can properly be referred here, although it is cer¬ 
tainly close to A jungutUm m most of its characters One can 
of course find occasional longer spores in the Elastem plant, but 
to record sueh merely confuses the record In this connection, 
1 should like to reiterate (12, p 617) that A russulotdes Pk is 
a different and distinct species, and should not be included m 
any synonsnny under A junguiUea or A gemmata Some of 
my colleotions in the East are very probably genuine A gemmata 
(Ft ) Gill 

Amanita muscaria Fr — The scarlet-capped form of Europe. 
Frequent 

Amanita silvicola sp nov (See Plate IV) — Pilbvs 6-10(12) 
cm broad, at first broadly convex, then plane to subrepand, 
white, Bubviscid, when young covered by a soft, floccose, contin¬ 
uous white universal veil which later is uregularly disposed m 
flat patches or masses, not warty, margin persistently incurved, 
even, and at matunty crenate from the appendiculate veil-rero- 
nants, flesh abruptly thin on matgm, scarcely over a centimeter 
thick near stem, soft Gills reaching stem, free accept by de¬ 
current hnes, or obscurely and very narrowly adnate, white, crowded, 
medium broad, 6-7 mm , edge distinctly flocculose Stem 6-10 
om long, at first with the pileus seated on a subnapiform bulb 
and surrounded by the smooth, floccose umvoreal veil, at length 
elongated and subequal, 15-25 mm thick, bulb up to 3 cm thick, 
white, surface at maturity covered by obscure fioocoeesnlky re¬ 
mains of the veil, at tunes terminating m a narrow, quickly 
evanescent floccose annulus, bulb edged by a circular mdistinct 
line which is the edge of the separated veil, solid, rather com¬ 
pact and firm. Odob and taste none Spobes 9-10(12) x 5- 
5.6(6) Ml oUiptioal, smooth, white, obliquely apiculate, basidia 
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clavate, 48-50 x 8-0 ju. 4-6pored, sterile oeUs on edge of gills 
laige, globose-pynfonn, 24r-30 fi wide. 

In thick forests of hemlock and cedar Mt. Hood, Oregon 
September 30 Collected by C H Kauffman * 

The whole plant is pure white The volva, although about a 
millimeter thu^ on the young pileus, because of its soft texture 
leaves only thin remnants on the stem, it is cireumscissile Be¬ 
cause of the napiform bulb, one might Hunk of it as belonging 
to the A. aohtarta group. However, the universal veil is very 
different from those of that group; the bulb is not tooting, the 
pileus IB without warty scales, and the spores are distinctly nar¬ 
rower than those of A aohtarta, while the absence of any odor 
separates it from A. cMortnoama 

Amanita tomentllla Kromb. — In forests of hemlock and 
cedar See Kauffman (12, p. 607). 

Amanitofbis strangulata Fr. — On mosses m honloek 
forest. Stout and massive specimens 

Armillaria albolanaripes Atk — In hemlock and ffr forest 
Armillaru viBCiDiPiss Pk —For a full discussion of this 
species see Kauffman (14, p 62) It may reach a huge sise, 
pileus up to 20 cm. broad, stem up to 12 cm long and 4 cm. 
thick at apex, gills up to 15-18 mm broad 

Armillaria cinnabarina (Fr) Kauff. — (See 14, p. 60.) 

CANTHBRSiLLUB AVRANTIACT» Fr. 

Canthbrellus cibartcs Fr. 

CanthbrbUvUs floocobus Schw. 

CaKTRBRBLLPB IKFTTNOlBULirOBlIIB Ft. 

Canthbrellus multiplex Underw (See Plate V.) — I have 
ootleoted and studied this curious species several times. It ooours 
m the Rooky Mountains oS Wyoming and Colorado, in the 
Olympic Mountains of Washington and in the Cascade Mountams 
of Washington and (hregon, mduding Mt. Hood. It was ong- 
inally collected at Mt. Desert, Maine It may be looked fev 
in coniferous forests of the higher latxtudee of North Amenoa 
or in the mountains southward Mumll (17) erected the genus 
Polysellus for it. It is, however, <nily a vmy extmne growth- 
oonditiem of C. elamittu, and typical in^viduals of the lattw spe- 
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dee are to be found with the — often abundant — "multiplex” 
plants The photograph is of the mtermediate type £ T 
Harper in Myeologm, Volume 5, Plate 94, has illustrated what is 
undoubtedly the same plant, and properly referred it to C. 
davatua 

CanthebbUiUB PRVmosus Pk — On debns under coniferous 
trees Although this determination may bo open to question, 
yet in the absence of any recorded microscopic characters for 
Peck’s species, it seems to me more than probable that we have 
here the species so briefly described by him {N. Y. State Mua 
Rep , 28 51 1876) Patouillard (18), m Tabulae Anolyficoe, 
figured (No 651) a species from Gumea, South Amenea, of 
which the slender specimens there shown well illustrate the sue 
and shape of om plant That species, however, has different 
spores and grows m the tropics The western plant is white 
throughout, 2 5 cm. tall, shaped hke the slightly curved hom 
of a cow, flaring slightly at the top, dcpressed-submfundibuh* 
form, and externally with narrow, longitudinal ndges, a few of 
these may be forked The spores are spherical, hyahne and 
smooth, the basidia are 44pored, elongat^, subclavate 90-100 
X 4 M 

COIXYBU ACBBVaTA Fr 

CoUjTbia albiflavida (Pk.) Kauff var montanum Kauff. 

CoLLYBiA AtiBiPiiATA Pk. — On eones of Douglas fir. Com¬ 
mon. This 18 without doubt Peck’s species However, it is 
very hkely to turn out to be only a somewhat smaller Ammcan 
form of one of the European species The idea of the spore-sise 
for C. esculenta and C comgena as given by Btesadola (6), 
0-8 X 8-4 1^ not been followed by later European authors, 

e g. Rioken (20), Bea (19) and Lange (16)'' The spores of my 
ooUsetion measure 3 5-4 x 2 anO the eystidia are "fusoid- 
ventnoose,” capitate. In this latter respect it agrees with Bresa- 
dola’s conception of C eaculerUa The jmIsus, however, is "pale 
cuuiamon-pink” when flesh, becoming "puJciab-ouinamcni” m 
age, and is pruvme; this pruinonty la due to erect cystidia- 
fike cdls projecting from the oortioate surface layer of the pUeus. 
All this IS distmotly a character of the Amenoan i^ieoies. The 
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European species, C escuienta and C. amtgma, have entirely glab¬ 
rous caps, Lange (16) recognizes only C teneceUa and C cont- 
gem, and gives the larger spore-size to the former, the small 
spore-size to the latter Evidently Mumll is nght m saying that 
no typical material of these European species has as yet turned 
up m Amencq.. C albipikUa occurs on various cones, although 
usually reported only on pine cones The other similar thmg in 
the United States is C comgenotdea £11 on magnolia cones 
See Kauffman (11). 

CoLLYBIA CONFLUENS Fr 

Collybla qilindrospora, sp nov —Pilbub subpliant, 4-6(7) 
cm broad, convex-expanded and soon irregularly repand, ob- 
soletely umbonatc or obtuse, glabrous, even, moist, with a tough 
cuticle, dull ''antunony yellow” (R), disk tinged “cinnamon 
rufous”, flesh of equal thickness, 1-15 mm, white GiUiS 
broadly adnate, rather broad, narrowed m front to a point and 
not reaching the edge of thc>pileus, suband, slightly tough, 
close, o<x»u3ionally intorveuieil, whitish Stem 8- 10(12) cm long, 
4-6(8) mm thick, irregularly twisted, stnate to furrowed-oom- 
pressed, hollow, glabrous, “omnamon” (R), sometimes darker 
downwards, subrooting at base Odob and taste slightly dis¬ 
agreeable, earthy. Spores subcylmdric, smooth, hyaline, 6-6 
X 1 5-2 p, cystidia none; stenle cells on edge of gills filiform, 
about 2 It wide, basidia 4-Rporod, 30 X 5-6 n 

On debns and very rotten wood m conifer forest Mt Hood, 
Oregon Octolier 5 Collected by C H Kauffman 

It 18 distinguished from its near relatives, like C funpea, C 
laneipea and C dtatorta, especmUy by its narrow, eyhndnoal 
spores The stems are sometunes ooimate part way Its general 
appearance is like that of C rugidoatcepa 
COLLYBIA PLATYPHYLLA Ft 
'CoLLYBiA PROLixA Ft -Ricken 
CoLLYBiA PBOTRACTA Fr -lUoken 

Collybla mgolosicops, sp nov (See Plate VI.) — Pilbos 3-6 
cm. broad, very pliant, convex-plane, with a distinct obtuse 
umbo, at length depressed around umbo, moist, hygrofdianous, 
glabrous, radiately and finely rugulose to umbo, “cinnamon 
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drab” to “avellaneous” (R), umbo “sayal-brown” (K), be¬ 
coming somewhat paler when dry, margm thin, substnate, spht- 
tmg radially m age, acute, soon spreading, flesh thm, concolor 
GiLiiS narrowly adnate, soon sinuate and decurrent, rather nar¬ 
row, and narrowed in front to a point, 3-6 mm broad, whitish 
with indistinct gray tints, close to subdistant, here and there 
mtervenose Stem 4-8(10) cm long, 3-6 mm thick, slender, 
equal, abruptly dilated at apex, sometimes twisted, hollow, terete 
or compressed-furrowed, glabrous and naked, entirely even, 
tough-cartilaginous, almost homy, “wood-brown” to “avella- 
neous” or darker, white-substngose at the very base Odor and 
taste entirely lacking Spores broadly elliptical, smooth, hya- 
hne, 8-9(12) x 6-7(8) u, variable, basidia 4-spored, 32-34 x 5- 
6 fi> cystidia none, sterile cells on edge of gills oval, short and 
mdistinct 

Alwa 3 rs on decayed logs or wood remains dt conifers, cea- 
pitose or subcespitose Common Mt Hood, Oregon October 
3 Collected by C H Kauffman 

It belongs to the section Tephrophanae, although neither the 
hygrophanouB character, nor the gray tmts of the gills are 
strongly marked In its relationship, it verges towards C lan- 
etpes Fr., but the stem is not atriate and the gills are not broad 
From C rugoneepa Atk and C. subrugosa Mumll it differs in 
the character of its gills and spores as well as m its colors and 
habitat It has much the appearance of some of the Tncho- 
hfna Tttelanaieuea group, but lacks cystidia, has different colors 
and the stem is truly cartilaginous The surface layer of the 
pUeuB is corticate, composed of one or two senes of globose- 
pynfoxm, brown cells 


Glacdopvs btbbissedus Fr. 
CtrrOCYBB AMAAA Fr, 
Clitocybe atbialba Murrill 
CUTOCYBB CIAVIF88 Pk. 
CUTQCYBB DBCORA Fr, 
CliYOCYBE EOYYPOIDBS Fk. 
CUTOCYBB OAIXtNAOBA Fr. 
CtJtTOCYBB XAOCATA Ft. 


CUTOCYBB VBOU Pk 
CLIYOCYBB NBBOLARI6 Ft 
CtrrOCYBB OCHROPORPURBA 
Berk. 

CUTOCYBB PITBYOPHILU8 Ft 
C^;jtocybe soavbolbns FV 
CuTOpn.cB NovABORAcmmis Pk 
CbiTOPiLUs woooiANtra Pk. 
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CoFsmtns atbamxntarius Fr. 
CoPBimrs TiMSTARius var. 

MACROSIUZA Fr 
CJOBTINABITTB AltAB0S Fr. 
COBTINABIUB ANOUALUB Fr. 
COBTtMABlUB BADIUS Pk 
COBTINABIUB BTJLBOBUB Fr. 
Cortinarius clandestinuB, sp 
nov. (Dermocybe). (In preas, 
North American Flora, Yol. 10) 
CJORTINABIUS BILUTirS Fr. 
CoBTINABlUB BVBBmUS Fr. 
COBTINABIUB FUCATOPHYLLUB 

IiBBoh-Rioken 
COBTINABItTB I<ANIGEB Fr. 
COBTINABIUS LONGIPEB Pk. 


CorthiaxitM moatanus, sp nov 
(Bulbopodium) (In press, 
NorOiAmencttnFlora,\ol 10) 
COBTINABIUB MnCIFLUUB Fr 
COBTINAKnTB OBTUBUB (V 
COBTINABIUB PALEACEUB Fr. 
Cortmarius pyriodorua, sp nov 
(Inoloma) (In press, North 
Amertean Flora, Vd 10) 
COBTINABIUB BENIDENB Fr. 
COBTINABIUB BIOIDUB Fr 
COBTINABIUB BATUBNINUB Fr 
CoanNARiUB BUBsniiUB Fr- 
Ricken 

COBTINABIUB VIOLACBUB Fr 
COBTINABIUB WHITEI Pk 


Dictvolub betibuois (Ft ) Qufl — On species of Hypninn 
mosses Spobeb elliptioal, smooth, hyalme, 7-8 x 4-4 5 m, cystidia 
none; basidia olavate, 4-spor8d, 40 X 6 ju llie hymenud surface 
may be provided with radiating vein-hke ndges which do not reach 
the maigm of the pileus, or it may be even without any sign of 
gill development Fbuit Body 4-6 mm wide, sessile, convex-eub- 
remform to orbicular, surface of piIeuB “eartridgo>buff" (R.) when 
fresh, tinged grayudi on drying, mdistmotly pruinose under a lens 
Although departing slightly from the species to which it k here 
referred, it seems too close to it to be considered a distinct species 
Eedlia Usport, sp nov. — Piuiub 1 -2 5 cm broad, convex- 
depteased or umbilicate, sometimes subumbonate, rather elastic 
but somewhat brittle, glabrous, with a separable gelatinous 
pellicle and slightly viscid m wet weather, “avellaneous** (R) 
indistinctly stnati^te on margin, a^ch is at first mcurvcd 
rather than deourved; fiesh ooncolor, rather thm, tapering to 
margin. Gilib broadly adqate, sometimes with decurrent tooth, 
broad, elose to almost subdistant, becoming deep flesh-color, edge 
entire Sima 4-5(8) cm. long, 3-6(8) mm. tluck, eqiul m 
tapering downwards, often compresBed-fuirowed, dilated at apex 
oartilagmous, brittle, almost glaaay, hyaline-white, hollow, even^ 
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whit&onycelioid at base Odob and taste tancid-farmaoeous. 
SpcxaBs obtusely angular, broadly ellipsoid, 10-12 x 8-10 a, deep 
flesh-color under the microscope, baaidia 2-spored 45 x 8-9 n, 
hymenn^B with abundant, sterile, oystidisrlite cells which are 
acutely pointed, but scarcely project beyond the basidia, true 
cystidia none. 

On wood debns. Mt. Hood, Oregon. October 5 CoUectod 
by C H Kauffman 

Nearly all of the cartilaginous-stemmed species of Leptonia, 
Nolanea and Eecilia have slender and equal stems In this 
species the stem has a tendency to be irregularly undulate and 
subcompressed, in the larger specimens qmte thick, while m 
contrast to its length, the caps are narrow. The peUide of the 
pileuB, the stem features and the microscopio characters set it 
off from other species The slight tooth the gills may mduce 
one to look for it under Leptonia, and the stem character at 
first sight suggests an Entoloma or Clitopilus llie two-spened 
basidia and other microscopic characters were b constant feature 
m two different collections 

Entoloma nioobosum Fr Flammpla uquibitiaii Ft. 
Entoloma nitidvm Qu41. Flammula bapinba Fr. 

Entoloma spbculom Fr. Flammoi>a spomosa Fr. 

Flammula ab^bagauna Fr^^ OAiiZSBA htpnobum Fr 

Oslem martipes, sp nov'— Pilbus S-8 mm. high and udde, 
conical, obtuse, bygrophanous “elay color” (R) and long- 
stnate (moist), ”pmki^ buff," even^and atomate (dry); flesh 
very thin, oonodorous. Qills adnate, ascending, ventricose but 
rather narrow, subdistant. Stem 8-10 cm. long, 1 mm. thick, 
dander, equal, ”mars*brown’' (R.), clay-color at* apex, mmutely 
pruinose throughout, prumosity due to mmute, qireading hairs, 
flstuloee, mars-brown withm, cartflagmous, flexuous Odob 
and taste none. Spobes oval-subventricoae, smootb, oohraceous, 
8-9 X 4-5 jt; ^nstidia abundant on edge of gilb and near, 
scattered on sides, rounded-ventrioose above the dmidw pedicel, 
neck alnuptly narrow, lance-shaped to adculate, hyaline, 90-76 
‘X 12-18 M' 



190 C. H. Kauffman 

Attached to moBses and decayed needles, in forest of hem¬ 
lock and Douglas fir. Mt. Hood, Oregon, September 2 Col¬ 
lected by C H Kauffman. 

The pileuB is homogeneous m structure, not ooiiacate The 
species IS closely related to G hyjmontm, but differs constantly 
m its longer and pruinose steins, smaller spores and the character 
and distribution of the cystidia See Atkmson (2) for relation¬ 
ships of the species of Galera 

Oomphldius ochraceus, sp nov (Mycclogta, 17 119 1925) 
Gom^dius subroseus, sp nov (Op at , 17 120 1925) 
GoMPHioiUB TOMKNTOSUB Mutnll (Op at, 17 124 1925) 

Hbbeloma elatuh Ft Hyobofhobus coccinevb Ft 

Hebeloma punctatum Fr Hygbophobdb conicvb Ft 
Hyobophobub cebaceus Fr. Hyobophobub pabvulub Pk 

Hygrophorus midhs (B & Br), comb nov — Pileub 5-12 mm 
broad, at first discoid, then broadly convex, obtuse, moist, “mikado 
orange” (R), decorated by fine, pomted, conoolorous fasci¬ 
cles of fibrils which suggest a minutely edunulate appearance, 
margin at first incurved, even, flesh relatively thick, thinner on 
margin, concolor. Gills adnate, rather narrow, of equal width, 
subdisttint, waxy, “light orange-yellow” Stem 1-2 5 cm long, 
1 .5-2 mm. thick, “hght orange-ydlow” (R), equal, glabrous, 
hollow, toughish, concolorous withm, apex naked but attached 
at base by delicate radiating, pure white bans, cortina none. 
Spobeb elliptical, smooth, hyahne, 8-9 x 4-45(5), basidia 48- 
50x7-8ju, cystidia none, giU-trama of interwoven hyphae, 
trams of {^eus fiocoose, homogeneous, oamposed of concolorous 
hyphae, sterile colls inconspicuous- 

On a very decayed log under Douglas fir. Subeespitoee. 
Mt Hood, Oregon. October 16 CoUeoted by L. E Webmeyer. 

This iq)e(»es departs m such minor partunilara from the 
European form which goes under the name of B. tunmdM var 
molhs, that it seems clearly to foe the same I have here raised 
the variety to specific rank on microseimical grounds The whole 
plant has a waxy lustre. No cortina was visible even m the 
ycHingest specimen. The decoration of the cap gives a white 
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sheen when reflecting the light It belongs to the subgenus 
Camarophyllus. 

Hygrophorus flmbriatophyUuB, sp nov —Piusus 2-3 cm 
broad, at first oval-hemisphcnctfl then broadly convex, obtuse, 
uniformly “apncot-yellow” (R), fibnllose-floocose or broken 
into soft and small scales, margin even, at first incurved and 
silky from the cortma, flesh moist, concolor, 2 mm thick near 
stem, narrowed to the margin of the pileus GoiLs broadly 
adnate or at length spuriously subdecurrent, rather narrow, 

2- 4 mm , “apncot-yellow,” waxy, edge conoolorous and fimbnate 
Stum 4-7 cm long tapenng upwards, 2-3 5 mm. thick at apex, 

3- 6 mm. at base, concolor, even, flexuous, at first silky-fibnllose, 
glabrescent Odor and taste none Sporrs subglobose to broadly 
elliptical, smooth, hyaIui[^7-8(9) x 6-7 m> eystidia none, stenle 
cells the edge of the gg^omment, cylindrical, obtuse, 100- 
120 X 4-5 n, hyaline, giU-trama interwoven 

On very rotten wood in conifer forest. Mt Hood, Oregon 
October 13 Collected by L. E Wehmeyer 

The pileus although fleshy is thm and somewhat pliant, but 
the waxy gills preclude the genus Chtocybe The young plant is 
surrounded by the continuation of the pileus covering, thus mdi- 
oatmg a universal veil. H tntemedmm Pans -Rickon has a sun* 
liar covenng Our plant belongs to the subgenus Camaroidiyllus 

Hygrophorus multifolius, sp nov (See Plate VII) — PtPEus 
1.5-4 cm broad, pliant, at first broadly convex and discoid, at 
length plane to depressed with a small umbo and a decurved 
maigin, meotu, with a thin, separably pellide, soon dry and sub- 
tomentoso, putty-colored to “drab" (R), maigm at first meurved 
and persistently transluoentHstriatulate, incurved portion subto- 
mentose; flesh rather thin, 1.5 mm near st«n, ^tapenng gradu¬ 
ally to margin, concolor, fading. Gnxa adnate^ubdecurrent, at 
length decurrent by elevation of cap-margin, narrow, 3-4 mm, 
almost linear, close or suberowdod, “echru-drab" (R) or pidcr, 
waxy, edge entire. Stem 3-5 cm long, 2-3.5 mm. thick, equal, 
terete or oomprEMsed, hollow, shgfatly viscid when fredi from the 
thin hyahne evanescent umversal veil, sometames white-silky or 
laoeratoHiilky in upper portion, “light drab" within and without, 
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fading, toughiah OnoB strongly fannaoeoua, taste sinular. Storiss 
suboblong, smooth, hyaline, 6-6 5(7) x 3-3.5 /t, (^tidia none, 
basidia 4H3pored 45-50 x 4 5 /i, sterile cells on edge of gills in¬ 
conspicuous, gill-trama with parallel-diveiging hyphae, those in 
axis parallel. 

On deep moss and on needle beds in hemlock, cedar and fir 
forest. Gregarious to subcespito^ Mt Hood, Oregon Octo¬ 
ber 1 to 15. Collected by L E Wchmeyer 

This species has much the appearance and habit of Chtocybe 
It IS, however, a true Hygrophorus, as shown by its viscid veil 
and by its gill structure. It belongs to the subgenus Limaoium. 
Its near relatives all have distant giUs When artificially dried 
after collecting, those growing in wet weather dry dark while 
those already wind-dned retain their colors 
HyFHOLOUA FASClCULARE! Fr 

Hyfroloma olivabbpoba Ellis — See // mntmm Kauff. (12, p 
261), which is a synonym. 

Hypholotxui conoceps, sp nov — Piusus 1-2 cm broad, about 
1 cm. high, fragile, conical-campanulate to broadly conical, 
hygrophanous, "cinnamon-drab” (R) when moist, but this 
ground-color almost hidden except on umbo by an appiessed 
radially disposed, white-viIlose mnate silkineas, slowly f^mg, at 
length subglabrescent, moigm at first straight, appressed silky, 
not striate, flesh thin, concolor Gats adnate, rounded 
seceding, narrow, 2 mm., crowded, “cinnamon-drab," white- 
floceulose on edge Stem 4-6 cm long, 2 5-3 mm thick, equal, 
white, fragile, straight or curved at base, hollow, even, at first 
covered by a rather persistent white-silky floccosity, at length 
glabresoent, whitish withm, rather cartilaginous Onos and taste 
none. Spores elliptio-oblong, subobtuse, smooth, pnrpiMk. 
brown, 8-9 6x3 5-4 6 m* cystidia on sides of gills ore buy¬ 
ing; sterile cells on edge short oystidiarbke, ventncose-subglobose 
above pediori, with abruptly narrowed, cyhndric neck, 
walled, hyaline, 45-50 x 8-12 n, neck 4 n diameter. 

On veiy rotten pieces of wood mixed with black alluvial 
medst Bcdl ki conifer forest. Mt. Hood, Oregon. October 14. 
CoUeeted by C. H. Kauffman. 
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This species has two characters which might lead one to 
place it m the genus Psathyra, vis the cartilaginous stem and 
straight margin of the young pileus The innate character of 
the pileus covering which represents a umversal veil is, however, 
a Hypholoma character The umversal veil m the indusiate 
Psathjrras is detersile and usually only scattered loose flecks of it 
are found on the young pileus. This species is to be placed m 
the section of Hypholoma to which H vthihnum and H me- 
Umthinum belong, m spite of the fact that the spore oharactcrs 
are different from those species It forms a connecting link 
between Hypholoma and Psathyra. 

Hypholoma tsugaecola, sp nov. (See Plate VIII.) — Pilkub 
3-7 cm broad, thin and pliant, convex then subexpanded-discoid, 
finally depressed on disk,,and margin elevated, ttubmmd, with 
a separable subgelatmous pellicle, hygrophommu, “buckthorn 
brown” to “ochraceous-tawny” (R) when moist, “yellow ochre” 
to “antimony-yellow” when dry, glabrous, but margin narrowly 
appendiculate from the veil, margm at first incurved, very thm 
and acute, pellucid-long-stnatulate, flesh about 1 mm thick, 
tliioker on disk, concolor, fading Giixs adnate-subdecurrent, 
close, narrow, almost hnear, 5-7 ram, soon “ochraceous-tawny” 
(R.) with a darker sheen by reflected light, edge entire. Stbm 
curved-ascending, 5-8 cm long, suboqusl, 5-8U0) mm thick, 
apex conspicuously dilated in the region of gillrattachment, 
“snt^-hrown” (R.) within and without, surface at first with 
scattered, scurf-like detersile scales up to the obsolete annu¬ 
lus, then longitudinally fibnllose, rigid, fibrous with subcarti- 
laginous cortex, solid below, finnly stuffed, finally hcfllow at 
the apex Ooon none; taste bittensh. Spobbs 6-7.5 x 4-4 5 
(6) /i, short ellipsoid, smooth, purplish-brown imder the micro¬ 
scope, dark purplish in mass; oystidia nmie, sterile cells m- 
distinct; basidia 4rspoied, 32 X 4-5 m 

Cespltose on dead hemlock rtub Mt Hood, Oregon. Octo¬ 
ber 6. Oolleoted by C. H. Kauffman. 

There are relative few viscid or pdliouloso speciee of Hy- 
pdiolama, two rare British specks have been described. H. 
ineompttm Massee is similar to ours, but diffras m the mudi 
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more ferruginous colors, different gill-attachment and narrower 
spores. Its detailed microscopic characters are not sufficiontly 
Imown 

Inocybb AUiODiBCA Pk Inocybe laceba Ft 

Inocvbe cAiiAMiSTBATA Fr Inocybe LANUnmOSA Ff -Brps 
Inocybe decipientoides Pk Inocybe liuacina (Boud) Kauff 
Inocybe fallax Pk Inoi'ybe paixidipes K & E 

Inocybe fastiqiata Fr Inocybe pbetebviba Qudl 

Inocybe oeophylla Fr 

Inocybe pbominens Kauff forma longistriata, f nov.— 
The rimOBity is more extensive than in the typical form 

Inocybe radiata Pk Inocybe sorobia Kauff 

Inocybe scabelea Fr Inocybe vibqata Atk. 

Inocybe geophylla Fr forma perpleza, f nov — This form 
has the stature and all the other characters J geophyUa, ex¬ 
cept that the pileus, gills, stem and flesh become slowly — 
finally entirely *—diffused with an “apneot buff” or pinki sh 
color after picking, and this color is retamed m the dried speoi- 
mena This fonn occurs througliout the eastern Rocky Mountain 
region and thence westward to the Pacific Coast When fresh 
or m a growing condition it is wbte like 1 geophyUa 

Lactamtjs alpinub Pk Lbpiota cribtata Ft. 

Lactahius AtJRANTiAccs Pers. Lbpiota niAUUBOTiNCTA Kauff 
-Rioken See Kauffman (16) 

Lactarius lionyotub Fr Lbpiota oiiOioDERUA Fr. 
Lactarivb MCCisA Burl. Lepiota PETABtFOBUiB Munill 
Laotariub parvus Pk Lbpiota PuncRBamMA Qraff. 

Lactarius subdulcis Fr See KAnffmaT, ( 15 ) 

Lactarius bubpurpurbus Pk Lbpiota rubrotincta Pk. 
Lactarius torminosus Fr Leptonu asprella Fr. 
Lactarius tubpis Fr. Leptonu Formosa Fr. 

Lactarius uvidus Ft Leptonia occiobntaus Mur^ 

Lepiota aoutabsquauosa Fr. nil 
Lbpiota clypbolaria Fr. Leptonu sbrrulata Fr. 
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LeptonUi subeacbroa, sp nov — Pileub 15-2 cm broad, 
subpliant, convex, subumbonate, “dark purplo-drab” (R), 
densely hairy-aoaly, even on margin which la at first mcurved, 
flesh thm, cuncolor towards cap surface, whitish towards gills 
CliniiS adnate, subventnoose, rather broad, close (or subdistant 
m age), pure white at first, becoming “seashell pink” (R), 
edge cuncolor, entire Stgm 2-3 cm long, 1 5-2 5 mm thick, 
straight or curved, equal, “dark madder blue” (R), glabrous 
and even, naked at apex, stuffed to hollow, whitish within 
Odor not noted Spores almost even, obscurely angled, ellip¬ 
soid-almond-shaped, bnght pink under microscope, 8-9(11) x 
5 5-7 n, basulia 4-spored, about 45 X 7 jui cystidia none, sterile 
cells on edge of gills indistinct 

On mossy log, in forest of cedar, hemlock and maple. Gre¬ 
garious Mt Hood, Ort‘gon October 16. Collected by C. H. 
Kauffman 

This species stands apart from all its relatives by its ob¬ 
scurely angular spores As to mdividual species, it differs from 
L placuh by the absence of black squatmnules at apex of atom, 
from L, subplacida and many others, m spore-sise and color, 
from L euehroa m the white young gills, from L dudybea by its 
habitat and color, and from L cMaropdtMi, and L lastdtm by 
the non-stnate maigm of the pileus. 

Leptonu trivolis, sp nov — Pileus 2-4 cm broad, subpliant, 
flattened-oonvoK, finally plane and margin elevated, obmurely 
depressed-papillate, subvisrid from a subgelatinous, subseparable 
pelhcle, glabrous, peUucid-stnatulate when fresh, “sayal brown” 
(R), slowly fadmg, flesh ooncolor, fading, subhygroidianous, 
znaigin at first incurved. Gills adnate-seceding, rarely with 
decurrent tooth, close, ratiier narrow, 2-4(5) pun., wbte at 
first, “light pinkish cinnamon” at maturity, edge entire or 
Buberose. Stem 4-8 cm long, 2-4 mm. thick, equal, elastic, 
cortex cartilaginous, toughish, hollow, fiexuous, even, very 
glabrous, easily splitting lengthwise, hyalme-white. Odor and 
taste none. Spores globose, obscurely angular, pale under 
mioroscope, 7-8 p diameter, baeidia 4-spored, 26 x 8-0 p, 
oystidia none; sterile odis on edge of gills indistinct. 
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On decayed wood in a cedar swamp. Mt. Hood, Oregon. 
October 9. Collected by C H. Kauffman. 

It seems to be nearest to L glabra Mumll, a species from 
Maine, but differs from it by the gelatmous surface of the pileus, 
the adnate gills, the much thicker stem and its generally laije*^ 
size. L, aemtglobaia Murnll also from Maine, a species with a 
shghtly viscid pileus, has squammules on the pilous, a yellowish- 
gray stem and elhpsoid, angular spores Our species ^ a gen¬ 
eral nondescript appearance that allies it to many species of this 
genus 

Marasmius Unumispora, sp. nov —Pilbus 1-2 cm. broad, 
submembranous, pliant, “light grayish olive” to “pale smoke 
gray” (R.) when growing, dingy “pinkish-buff” after reviving m 
roina, at first even, obscurely radiate-wnnkled m age, the 
glabrous margin at first incurved, fiesh thin, concolor Gtu,s 
broadly adnate, relatively rather broad, close, subdistant when 
pileus expands, whitish, pruinose Stbu 7-10 cm long, about 
2-2.5 mm. thick, equal, flexuous below but rather stnet other* 
wise, entirely “natal brown” at matunty, or with white apex, 
pruinose throughout, tubular, concolor withm, with a subfibrous 
cortex, white-myceloid at the base where it is mtergrown with 
moss and humus Ooos and taste none Sporxs limomform m 
one view, subplano*oonvex m other view, 9-12 x 6-7 ft, hyaline, 
smooth, cystidia scattered on sides and edge of gills, lanceolate- 
subventrioose, capitate, hyahne, 65-75 x 12-15 ft, 4- 

spoied, 40 X 6-7 

On mosses and humus on the ground in conifer farest. 
Gregarious. Mt. Hood, Oregon October 16 Onl l pc t cd by 
C. H. Kaufhnan. 

Marasmius subnauseosus, sp. nov — Piums 5-15 mm. 
broad, submembranous, broadly convex to flattened, obtuse, 
“man yellow” (R.) on margin, “sudan brown” on gW 
rous, diy, even, margin at first incurved, flesh conedor, of 
uniform thickness Giua broadly adnate, occasionally with a 
tooth, odor “warm buff,” crowded, rather broad oar. 

row in front, e(^ entire. Stem 2-4 cm. long, 1-15 mm. V hfek, 
tapenng down from a somewhat dilated apoc, mstititioue, soon 
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tubular, “raw umber” (R.) except the ydlowish apex, covered 
with a ferruginotiB prumosity which is denser at base, even, 
“mars yellow” within. Odor none; taste tardily nauseous, at 
length definitely so Spores minute, narrow, subcylindnc, 5-6 
(7) X 1-1.5 ju, smooth and hyahne, (^stidia none, basidia 24 x 
5-6 p; pileus corticate, the surface layer of thick-wallod brown 
cells. 

On decayed wood m comfer forest. Gregarious or scattered. 
Mt Hood, Oregon. September 28. Collected by C. H Eauffman 

MaiRsmiue nmbilicatos, sp nov. — Pujbus 2-4 cm broad, 
slightly fleshy, at very first pale pinkidi buff, soon milk-white, 
deeply umbihcate, radiately rugose-wnnkled, glalnouB, maigin 
membranous, at first incurved and white pnunoee on edge, then 
repand, fiesh oonoolor. Gills subdecurrcnt, arcuate, narrow, 
acuminate at ends, dose to subdistant, intervenose, beccmung 
crisped, whitish Stem 3-5 cm. long, 2-3 mm subequd, dilated 
at apex, tough-cartilaginous, hollow, irregularly compressed and 
longitudinally furrowed, dark fuscous, darker at bam, palhd at 
apex, glabrous except the scurfy apex, witb brownish tmnentum 
at base. Odor and taste none. Spores narrow, elongated- 
pointed at one end, 9-10 x 3-3 5 cystidia scattered on sides 
and edge of gills, subfusiform-aoicular, about 60 x 7 

Attached to fir noodles and debns m fir and hemlock forests. 
Rather frequent m the mountains of Oregon and Washington. 
October 5. Collected by C. H. Kauffman 

This has tho general appearance of M. ddeetans of the Eastern 
United States, but the pilcus is deeply tnnbfiicate, the gills are 
aubdeourrent, the spores of a different shape and it grows m a 
diffnent habitat. 


MYCENA ACICtTLA Ft. 

Mtcena amicta Fr-Ricken 
Myosna amuohuca Fr. 
MyOBNA CLAVfCCLARIB Fr. 
Myobna BPimatYcuA Fr. 
Myoera rabuayopoda Fr. 
Mycera motiKATA tY.-Ricken 


Mycbka LfJDEE Fr-Ricken 
Mycbna peuartbina Fr. 
Mycera ruRA Fr. 

Myobra rosella Fr. 

MyCBRA RVBROIIARQIRATA Ft. 
Mycera vrriLiB Fr 
Mycera vuLaARK Fr. 
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Mtcbna STROBILINOIDES Pk — This was a most satiafactoiy 
find, and made it possible to record the character of this species 
m detail Peck described it from tlie Olympic Mountains, 
Washington It is a striking little plant, about 3-4 cm tall, 
with a “flame'scarlet” (R) pileus, and an “orange” stem, the 
gills are colored “hght salmon-orange” with a ilame-scailet edge. 
The spores are elliptical, smooth, hyaline, and measure 7 8 x 
5-5 5 M The sterile cells on the edge of the gills are broadly 
clavate, not very much larger than the basiiha, but are colored 
fiery-orange, and their surface is eehinulate-dottcd, similarly 
decorated sterile ct'lls, less higlily colored, are scattered through 
the hymenium elsewhere, and although tliey have tiie size ot 
busidia they are clearly differentiated by these markmgs This 
IS a case, entirely apart from other findings, which supports 
BuUer (7, p 279) in his contention that paraphyses are always 
paraphyees and here these sterile colls an* suioly of the nature 
assumed by hun, i c they are “paraphyses” and never become 
basidia No types of cystidia arc present This collection grow 
on needle beds of the Douglas fir 

Mycisna PTiauoENA Ft — 'Hub dainty httle plant, beauti¬ 
fully illustrated m Fries, /cones, Plato 85, Fig 4, occurs m this 
country m the Eastern mountams as well as in the West I have 
collect^ it in the Adirondaoks and tlien again at Mt. Hood 
It was attached to dead fern fronds lying on the ground The 
pileus is only 2 5 mm broad, scarcely higher, and at first deli¬ 
cately rose-tinted. At maturity or m ago the pilous beecnnes 
grayish-brown either entirely or only on the umbo, it is at 
first Bubcylmdrio-subconic, then subhcmisphoncal, and the mar- 
gm is pellucid-stnatulate when fresh The gills aro distant, 
ascending, rather narrow, whitish The stem is 3 4 cm long, 
half a millimeter or less m thickness, fihfonn, tough, flaccid , 
becoming gtayish^brown after the rosy tmts fade, and is attached 
by small hairs at the base The spores measure 8-10 x 4-4 5 ft, 
and aro oblong or oblong-subfuafoim and hyiduie The surface 
layer of tiie pileus is (xanposed of large horizontal hyphao. 

Mycena tinctun, sp. nov (See Plate IX) — Pauus 1-2 5 cm. 
broad, sobfleshy, oomc-oampanulate, obtusely umlip nat e, “pale 
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pmkiah buff” to "drab gray” (R), umbo "fuacoufl,” at length 
tuiged avpllanoouB, stnate-eubplicate, stnae subdistant, sub- 
hygrophanous, scarcely fading, glabrous, maigin at brat straight, 
flesh submcmbranous, equal, concolor. Gills ascending, adiiate- 
seceding, rather narrow, without decurrent tooth, subdulant, 
distinct, white, at length gray-tmted, edge entire Stem 4-7 cm 
long, 1-2 mm thick, equal, even, glabrous, naked at the apex, 
pale “echru-drab” to “wood brown” (R), terete or twisted, 
sometimes compressed-sulcate, cartilagmous, tough, strict and 
elastic, until a watery juice, becoming dark mnaeeous when crushed 
Odob and taste none Spores 9-11(12) x &-6(7) /i, ellipsoid, 
acute at apiculate end, hyaline, smooth, cyst^dia none, sterile 
cells on edge of gills saccate but indistinct; surface la 3 rer of pileus 
corticate, composed of 3 to 4 rows of subglobose, vesciculoee, 
rather huge cells 

On decayed wood and needle beds of hemlock. Cespitose to 
sohtary Mt Hood, Oregon October 7 and 16. Collected by 
C H Kauffman. 

It belongs to the section Lactipedes by virtue of the rather 
copious watery juice of the stem, which stams the crushed flesh 
wine color In other respects, it could be referred to the Fi> 
lopedes. In age the drab and fuscous colors of tile cap may fade 
In addition to the jmey stem it is distinguishable from its 
relatives by the lack of odor, the narrow, subdistant gills, the 
spore oharaoters and the absonce of cystidia. When growing on 
wood, the stems may be dwarfed. 

Nattcobia mblinoides lY-Riolmn 

NAtrcoBiA siDEROiDEs 1>Y.-Ricken’ 

Ntttcoria belluloides, sp. nov — Pileus 8-20 mm broad, eon* 
vex, obtuse, dry, glabrous, “chestnut” to “hays russet” (R), 
not hygrophanous, margm at first mvolute, tii(m«Bproading, even 
when moist; flesh thin, concolor to oohraceous Gills adnexed, 
rounded b^nd, not broad, 3 mm., crowded, “chamois” to 
“honey-yellow” (R.), edge entire. Stem 2-3 cm. long, 2-3 mm 
tiiiek, equal or tapenng slightly upwards, "cinnamon-rufous” 
within and without, stuffed axis paler, apex inoimose, glabrous else¬ 
where, even. Onon none; taste distmotly bittw. Sfobes broadly 
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ellipBoid to oval, rough, dark rusty under the microscope, 7-8 X5- 
5.5(6) n, cystidia none, or few to scattered, short subt^lrndnoal 
and subcapitate, hyaline, sterile cells on edge of gills niiie>pin> 
shaped, hyaline, obtuse, basidia 32-34 x 6-7 /t, surface of pileus 
corticate, composed of pynform, brown cells 

On decayed comferous wood Mt. Hood, Oregon, October 10 
Collected by L E Wehmeyer 

Very similar m sise and coloring to our eastern species, N 
beUida Pk, but differs by its larger spores, adnexed gills, etc 
Nolakea pabcua Fr.-Ricken —This is a rare species, at 
once distinguished microscopically by its cruciate-angled spores 
Nolanea latifblla, sp nov. — Pilisub 2-3 cm broad, oom- 
panulate-hemispherical, apex truncate-depressed, in age some¬ 
times markedly umbonate but umbo truncate, glabrous, hy- 
grophanous, striatulate to subeven and “luur-brown” when moist, 
quickly fading to “drab-gray” or ashy on losing moisture, then 
even, margin at first straight, flesh submembranous, etmcolor. 
GiIjLB broadly adnate-seceding, broad, ventneose, abruptly smti- 
ate near stem, close, at first gray-tmted, then “vinaceous-fawn” 
(R), somewhat ensp. Stem 5-6 cm long, 2-3 mm thick, strict, 
equal, elastic, cartilaginous, stuffed to hollow, fragile, persist¬ 
ently grayish-brown to “hair-brown,” vanegated with mlky- 
white innate fibrils, white-myoeloid at the slightly enlarged base. 
Onox and taste none or slightly subnauseous Spobes u pharical, 
obtusely angular, tinged flesh-color, 8-6 n diameter, (10 fi with 
aptculus), cystidia none; basidia 4-epored, 40-42 x 11-12 /*. 

Among moss and debris m forest of fir and hemlock Sohtaiy 
or Bubgreganous Mt. Hood, Oregon October 7 and 25 
Collected by C H. Kauffman. 

1 am not at all sure that this may not be N. oanderUahe 
Murnll, but if so, that species is very unperfectly described. It 
differs item Murrill’s account by the defimtely adnate gills 
which are (dosely spaced, not at all distant, and by the fact 
they are at first grayish. 

Omphaua CAMPANBUiA Fr. (hiPBAiM iCAUBA Fr.-Ricken 
Omphaxaa nuMOBA Fr.-Rieken Qupkaua oiobca Fr. 
OaiFHAUA OBACILUMA Fr. 
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Omphalia umbslupera Ft. fomia odualeuca, f nov.— 
Plant ‘'cream-color” (R) m all parts Spores ovoid-elbptieal, 
smooth, hyaline, 6-8 X 4-5 cystidia none Giixs distant, 
broadly decurrent, broadest in middle, few forked Snac sloid, 
more or less pruinosc. Pileus convox-iimbihcate to subinfunth- 
buliform, stnate-plicate, with a whito^ppreesed prmnosity 
Collected several times with the characters constant. It differs 
from the other forma of this variable species mostly m color. 


Panus sTipncuB Fr 
Paxillub atrotomentobus Fr. 
Phouota adipoba Fr. 
Pholiota srebia Fr 
PhOLIOTA OISCOliOR Pk. 
Pholiota maroinata Fr. 
Pletjrotcs albolanatub Fr. 


Pleurotdb bbrotinub Fr 
Pluteus granulates Fr 
PlUTEUS CERVINUB Fr 
Pluteus leoninus Fr. 
Pluteus nanus Fr. 
Pluteus touentosulub Pk. 

PsALUOTA ARVENSIS Fr 


Psdliota subrutOescens, sp. nov (See Plate X) — Pileub 
7-12(15) cm broad, oftener 7-9 cm , fleshy, Ann, at first hemi- 
sphenc-oval, at length broadly convex, obtuse or obsoletely 
subumbonate, at first uniformly covered by a continuous, ap- 
pressed, fibnllose-hairy cuticle which is "hays brown” to "soi^ 
hum brown”, during expansion this cuticle is broken up into very 
numerous, small and appressed, hairy areolae, scarcdy m form 
scales, and the color changes slowly to shades of vinaceous, 
e. g. “light russet vinaceous,” “browtush-vinaceous,” “vinaceous- 
brown” (R), etc, nmaining darker on disk, the whitish flesh 
scarcely showing between the areolae, margin even, indistinctly 
viigate Qillb free, at first reaching ^ stem, becoming suhre- 
moto, narrow, 4-6 mm, sublinear, crowded, “safrano pink” (R) 
when immatuta, later “vinaceous fawn,” finally “sorghum- 
brown” (R) or darker, glistemng, edge entire* Stem 8-12 
(15) cm long, oftener 8-10 cm, tapering upwards from a sub- 
clavate base, 7-10(12) mm thick at apex, 12-18 mm at base, 
often subdeourront at base, at first peronate by a rather thick, 
densely silky-interwoven, snow-white sheath, which becomes 
laooate-torn forming pointed or squairoee scales, and teimi- 
nating above m the annulus, apex iff stem even, silky or minutdy 
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sublaceratc, stuffed to hollow, tinged vmaceous or subrufescent 
within, soon soft and putrescent at base Aimuntrs at first 
erect-flanng and white, then deflexed, thick, interwoven-silky, 
smooth above, densely fioccose-scaly and vinescent beneath, with 
a broad fioccose run when normal, double, persistent, superior 
Odor none, taste tardily bittcnsh-subnauseous Spores oval- 
oblong, 5-6(6 5) X 3(3 5) n, obtuse, smooth, purplish-brown, cys- 
tidia none, basidia 4-sporcd, 30-34 x 5-6 n 

In low moist conifer forests or near alders, usually in humus 
More frequently solitary or few Not uncommon, Mt Hood, 
Oregon Octoter 11 Collected by C H Kauffman 

This was tlie only forest Psalhota seen, and although not 
abundant it occurred singly with smne frequency It is super¬ 
ficially similar to P rutiksccm Pk-Kauff (13), but fimda- 
mentally is quite distinct It differs from that speeu'S b}' its 
double annulus, stuffed to hollow, non-bulbous stem, the nar¬ 
rower spores and the highly developed blematogen. The dif¬ 
ferentiation of the concrete surface layer of the pileus and of the 
sheath and annulus take the same course during development as 
in the case of P. rodmani Pk studied by Atkinson (1) The 
sheath on the young stem, along with the portion up to the 
margin of the pileus, includes the partial veil as an interior 
layer — thin along the stem — and tins composite sheath can be 
easily peeled off from the stem at this stage. 

PSATHYRA PBNNATA Fr -Rickon 

P^TRYRA PBBStMPLEx Britz-Kauff (12, p 270) 

Psathyra fragibsaima, sp nov (See Plate XI) — Pileus 2-5 
cm broad, 1 5-3 em. high, very fragile, at first broadly conic 
and obtuse, como-eampanulate at maturity, hygrophanous, 
'Might cinnamon drab” (R) and even when young and moist, 
later "benso brown,” at first covered by snow-white evanescent 
fioooose-fibrillose, small and superficial scales, “pale pmkish buff” 
and even when dry, soon glabrous, margin at tunes evanescently 
appendioulate, flesh thin, equal, fn^le, conoolor Gills ascend- 
mg, adnate-seoeding, relatively narrow, 3-5 mm., crowded, soon 
"haii^brown” then “fuscous” (R), edge at first nunutely white- 
flooculose. Stem long and slender, extremely fragile, 10-15(18) 
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cm by 3-5(6) nun, equal or tapenng slightly upwards, pure 
white, glabrous, scurfy and substriate at apex, hollow, even, 
strict but liocommg flcxuous, cartilaginous, easily splitting 
OnoB and taste mild or slightly nutty Spobes elliptical, regular; 
obtuse, smooth, 13 15 x 6 7 /i, purfde brown, cystuita now, 
sterile cells on edge of gills short and broadly nine-pm-shapcd, i e 
capitate, 45 x 12 -15 /i, basidta 4-8pored, 30-32 X 12 fi, upper 
layer of pilous slightly dilTcrentiated, composed of 3-4 rows of 
vesiculose, hyaline cells, fonning a subseparable pellicle, interior 
trama slightly tinged with drab 

On decayed leaves, needles and humus m mixed forest 
Gregarious Mt Hood, Oregon, October 12 Collected by C H 
Kauffman 

This diifeis from both of the preceihng by lacking cystidia 
on the sides of the gills It is distinguished in general, by the 
pure white universal veil, long white stems, non-stnate pileus, 
large spores and by the shape of the sterile cells on the edge of 
the gills. It belongs to the section Fibnllosae 

l^locybe ochneeeps, sp nov — PaeiTs 1-3 cm broad, at 
first broadly oval, at length subhemispberical, obtuse or ob¬ 
scurely short-pointed on centre, unexpanded, about 1 cm high at 
maturity, pi'lliculoso, lubricous, subhygrophanous, at first " yel¬ 
low-ochre" (R ) to “antiraonyiyellow,” glabrous and even, mar¬ 
gin at first incurved and white-cortinate, flesh concolor (moist), 
whitish (dry), easily split radially, toughish across radial section 
Gills adnate-seoedmg, ascending, ventneose, rather broad, 3 5 
mm, closely spaced at margin of pileus, subdistant near stem, 
white at first, then “hair-brown," sprhikled by the spores, edge 
entire Stem 4-9 cm long, 1-2 5 ram thick, equal above the 
tomentose-enlarged base, reddish-fuscous within, iwle-fusoous be¬ 
neath a distinct cortinate white coating of fibnls, ilarrowly white- 
stuffed in the axis, v^ slightly viscid Odob and taste slight, 
subnauseous Hpobbb 8-9 x 4 -^ fi, elhptio-oblong, smooth, ob¬ 
tuse, puiplo-brown, cystidia none, st^e ceUs moonspicuoits 
Base of stems imbedded in humus or rotten wood Grega¬ 
rious Mt. Hood, Oregon, Soptianber 28 and October 7. Col¬ 
lected by C. H. Kauffman. 
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It belongs to the section Tenaces. A veiy distinct idant, 
whose pilous remains unexpanded and on drying in attu becomeB 
radially undulate-plicate, its margin dosing m on the stem. 
The stem is distinctly sticky to the tongue, mdicating an outer 
veil continuous with the pellicle of the pehus At first and for a 
tune, the cortinate covering gives the stem the appearance of 
being white 

PsUocybe oUvaceotincta, sp nov — Pilbus 1 6-3 cm broad, 
fragile, at first obtusely campanulate, then expanded to plane, 
hygrophanous, “citnne^rab” (R) and faintly stnatulatc when 
moist, “olive-buff” or “pmkish-buff” and atomate when dry, 
glabrous, margin at first incurved, flesh thin, 5-1 mm, con- 
color GiLiiS broadly adnate, close to subdistant, thm, rather 
broad, at first “pale olive buff,” then “atrme drab” (R), edge 
very entire Stem 3-6 cm long, 16-2 5 mm thick, equal or 
tapenng downwards, toughish, becoming ngid-bnttle, “cmnar 
mon-rufous” upwards, “chestnut brown” downwards, glabrous 
except the minutely scurfy apex, conoolor and nunutdy tubular 
within Odor and taste none Sporbs elhpticd, smooth, 10-12 
X 5-fi (t, distinctly purple-brown under the nucroscope, cystidia 
none, sterile cells on ^ge of gills, filiform, cyhndncal, hyahne, 
3-4 /i diameter, trama of pileus homogeneous 

On moist tluok humus and rotten debns in conifer forest. 
Mt Hood, Oregon, October 6 Collected by C H. Kauffman. 

Sharply distinct by the contrastmg colcns of pilcus and ston. 

Russula borbalib Kauff. RussuiiA pbctinatoioxs Pk. 
Russula dbuca Fr Russula Raoultii Burl 

Russula bmbtica Fr Russula subolivascbns Burl 

Russula bxpallens Gill RirasuLA xbrampblina Fr 

Russula fallax Cke Strophabia ambioua (Pk) Zel- 

Russula vlaya Romeil ler 

Russula Murrilui Burl. Sxropharu stbrcoraru Fr. 

Stro^bsite fni^, sp nov. (See Plate XII)— Pilbus very 
fragile, 3-7 om broad, at first subhemisphencal tiim csmpanu- 
late-expanded, obtuse, at length plane^ubrepand, veiy hygroffli- 
aoous, “anny-brown” to “wood brown” (R) and striatulate on 
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nuugin whon moist, fading to "pinkish buff” and even when 
dry, finally becoming finely radiatcly wnnUed, at very first 
with concentrically disposed, superficial, hury-silky to subfloc- 
oose, white, evanescent scales, soon denuded, disk brownish in 
age, margin at first incurved, flesh thin, 1-1 5 mm thick, con* 
eolor. Gills adnate-secedmg, medium broad, 4-6 mm., nearly 
plane, close, soon "drab”*colored, then “hair*brown” or darker, 
edge white-floeculose Stbu very fragile, 7-10 cm long, 4-5 
mm. thick, thicker at base, tapenng slightly upwards, from 
the subclavate base, white, lacerate floccose-silky up to the an¬ 
nulus, apex pruinose, silky above ring, stuffed to hollow, with 
cartilaginous cortex, white within Annulus membranous, soon 
deflexed, white, coromllate on upper surface, densely mlky or 
floooose below, distant about one third from apex of stem, 
denved from the universal veil, partial veil very scanty Bpobes 
elbptic-oblong, 6 5-8 x 3 5-4(4 5), smooth, dark purplish-brown 
under the microscope, cystidia on sides and edge of gills, ventri- 
oose-sublanceolate, obtuse, hyalme, tihin-walled, pedicel rather 
stout OooK and taste mild or slight. 

On the ground in a swampy cedar and hemlock forest 
Cespitose or subeespitose. Mt. Hood, Oregon, Ocbober 16 
Cdlected by C. H Kauffman 

It belongs to the group Spmtngeri. Without a knowledge of 
the detailed characters, it could easily bo identified with S. 
tipmlngera Fr. It has not at all the habit of HyphoUma appenduy 
utatum with which Fries (10) compares his species. Our species 
differs from 8, apintngera m its stitatulate, scaly pilous, the 
loQger stems, broader giUs, and, as far as is kaown, by the pres- 
esMe of oystidia on the sides of the gills llie spores are of 
the same sise as given by Bea (19) for 8 tpttiiijgera, but Rea 
deiparts from the sues of the plant given by Fries and others by 
induding here a long-stemmed plant. According to Fnos (1 c ) 
tbs gills are very narrow, 2-4 nun. wide, although this oon- 
esption has also been varied by later authors. Lange (16) de- 
sanbes a variety of 8, tptnirigera and has kept close to the 
Fkiesian conception with respect to the habit assigned to it by 
Idea. 
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Stbophabia bquamoba Fr (See Plate XIII) — Reading 
between the lines one soon realizes that mycologists are con¬ 
tinually beset with the query What is the typical S sqitamoaaf 
The method pursued m the past, of attuclung several varieties 
under this name, has but cumphoattKl tlie situation, for it seems 
easier to collect the varieties than to get clear the correct idea 
of the Friesian species, at least in this eounliy In support of 
these statements is the uncertainty shoivn in the works of vari¬ 
ous authors concerning the microscopic chaiactcrs of this plant 
and its varieties Persoon is still given credit for naming it — in 
fact ho named it twiex: — but no descriptions can be found which 
are at all complete, which do not practically copy that of Fnes 
from Monographta llickeii (20) publishes a figun* that gives 
the general appearance of the plant, but since it is difficult to 
reproduce the changing colors during the development or undw 
different weather conditions, one docs not get a very clear idea 
from such a figure 

The plants shown in our photograph agree well with the 
Friesian description and that of Ricken The stems are slender, 
10-15 cm long and 3-41 mm thick, at first stnet, tough, and 
lacerate floccoso-scaly up to the annulus llie piletis is at first 
hemispherical with a suboomc umbo, viscid when wet, and 
covered by scattered, superficial, evanescent, silky-white 
beneath which it is colored "oc^u-olive” (R), darker towards 
the “chestnut’’-colored umbo, the lunbo later becomes much 
less prominent, or the pileus may be merely obtuse It is 3-5 
(6) cm. broad, and when it loses moisture, by drymg tn situ, it 
becomes “oohraceoua-buff” and finally, “yellow-ochre” The 
gills are broadly adnate, 6-10 mm broad, at first “pale mouse- 
gray” (R), then finally “fuscous"-colored The odor is slight, 
but occasional penetrating whiffs of it can be easily noticed 
’The taste is mild These plants have spores measuring 12-14 x 
fr-7.6 fi, elliptical, smooth and purple-umber under the micn>- 
Boope Cystidia are lackuig on the ndes cS the gdls, while 
edge IS provided with filiform obtuse sterile cells, 50-60 /i 
and 3-4(5) ft thick The annulus is somewhat distmit from f he 
pileus, at first erect-flaring, then deflexed, rather narrow, and 
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strongly coronillate on its upper surface, at first it is white- 
lutesoent, then stained above by the spores, and floccoao-silky on 
the under side The plants grow loosely gregarious on humus or 
very rotten wood m open coniferous forests They were my 
first collection of the species which seemed to me to be typical, 
rather than varieties 


TrICHOI^MA XKiURSTRR Fr 
Trichou>ma farinacra Mumll 
Tricholoma panoeolum Fr 
var CESPITOSUM Bres 

TrICHOLOMA FKRSONATtTM Ft 
TrICHOLOMA PESSI7NDATUM Ft 

XJNXVKRBirr or Michigan 


Tricholoma roseibrtjnnea 

Mumll 

Tricholoma kutilans Fr 
Tricholoma bubpessundatum 
Mumll 

I'illCHOLOMA SYLVATICA Pk 
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THE DEVELOPMENT AND TAXONOMIC 
POSITION OF APJOSPOniNA COLLIN SlI* 

a B. SARTOmB AND C B. KAUS¥MAN 


. HOST SQliATIONB 

HTHE fungus discussed tn this paper is wdl known to American 

mycdogistH as “ Dwteroapontm CeStnn*" (SchwO ThOm. It 
is a parasitic fungus which grows cm the under surface cS the 
leaves of Amdcmckter canadensu, causing a decidedly idiaraetonstic 
iritobes-broom (Fig. 12). During the latter part ol March w 
early April the mycelium appears on the under surface of the 
kaves which have just emer^ from the bud. Periu^ it arises 
from the asoospores, which are found on the dd leaves still at¬ 
tached to the twigs of the witcfaes'-hroam, to which region the 
infection of new leaves is usually omtfined. However, some new 
infections do occur, from time to rime, m adjacent spots In 
the case of most of the trees that were obewved for three years, 
this was generally true. 

The branchmg mycelium soon covers the en^ dorsal surface 
of the leaf with a brownish mat (F^. 1). Comdia (Fig. 2) are 
borne profusely and give the myedium arfigl^ greenish tinge 
These are produced until the middle of June or the first of July, 
when the perithecia begin to fom.'' By the fiftamth of July the 
ktter Me visible to the naked eye. Hiey first ^>peM as scat¬ 
tered black dots near the tnid-nb, and later progress towards the 
nuugin the leaf. By the middle of Aiigust they are so numer- 

* Paper from the Department of Botany ef the Umvemly of Mtchigen, 
No 281. 

The juaior author Blade aU the atudne beiein neorded that deal with 
riie life-history and boat lelatuma. The taxoaonuo aoeount and the discue- 
rion have been added by the senunr auriuw 
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ous that most of the under surface of the leaf is covered by a 
black stroma-hke layer mixed with penthecia (Fig 14) Tlio 
leaves turn brown, and curl up, the dorsal side outward, and 
remam on the witcfaes’-broom until the following spring and 
often even longer By September the asci are formed m the 
perithecia, but the spores do not assume their characteristic 
shape until January, maturing by the end of Folmiary The 
ascospores are hyaline, smooth and one-septate, the upper cell 
being much larger than the lower one, they measure 11-15 x 
3—5 n 

The characteristic of the disease, le ihe production (rf 
witches’-brooms, leads one to believe that the mycelium is per¬ 
ennial, and lives over winter in the wood, or on the old leaves of 
the abnormal growth. But this could not be confirmed by exam¬ 
ination, nor did the witches’-brooms, when placed m healthy 
trees, spread the disease The ascospores se«n to be the only 
active agent m disseminating the fungus 

Although the conidia are borne m large numbers m the 
spnng, they are a negligible source of infection, as has been 
noted above. All expenments with them faded to produce the 
disease It may bo that the leaves on tiie witches’-broom are 
somewhat less vigorous, and therefore more susceptible to m- 
footion 


THS LIFB-HtSTOBT OF TRK FCNOtn 

Material and Method 

Cdleotions of material were made from October through 
December, 1922, and throughout the year 1923, at Whitmore 
Lake, Michigan The material was fixed m several killing fluids, 
the most satisfactory of which were medium Flemming’s and 
Bouin's, the latter being especially good for mature penthecia, 
as it softened the walls, ^bedding in paraffin was done in 
the usual manner Sections were cut 5 to 7 p in thickness The 
stains used were Haidenham’s haanatoo^lin, Flenuning’s tn^le 
stain, and safraninmuhn blue. The first one gave the b^ 
results. 
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The Vegetative Plant 

The mycolium is dark brown, appearing black in tniuw It 
consists of uninuclcato cells with thick walls, and a thin la 3 rer 
of cytoplasm hnuig them. This mycelium is superficial imtil 
mid-summer, or until the perithecia begm to form At that time 
the hyphae become mtercellular There are no haustona formed, 
and the mycelium very mrely enters the cells The mtercellular 
hyphae and those next to the epidermis have thin, hyaline walls, 



Fia 6 Diagrams illuatratmg the Behavior of the Nuclei preceding 
and dunng the Development of an Aecus 


and are full of a fine granular material They finally mvade the 
interior of the loaf as far as the upper epidermis From the 
mycelium on the surface of the leaf the comdiopbores anse. 
niey are erect, and two to three cells long (Fig. 2) At the tip 
of each is formed a umoollular comdium, which is uninucleate and 
lemon-shaped. 


The Penthmum • 

The coils of myeehum which are formed during the first part 
of Jidy are the beginnings ctf the penthecia (Figs 3 and 13) In 
center of each coil are one or two riightly dififerentiated by- 
phae which contain fine, granular iHOtoplasts. Iliese stain a 
deep blue with Haidenhain’s haematox^hi. Th^ are enveloped 
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by a number of vegetative byphae which become doaely packed 
to form the perithecial wall (Figs 5, 6 and 7} The central cdls 
continue to divide until many cdls are formed, always m a 
unmudeate condition (Fig 4). When the wall of the penthecium is 
completdy formed, the central coil sends out a fan-shaped group 
of hyphae, which grow until they reach the top of the pcri- 
theoium (Figs 8 and d). 

Pnor to the formation of the fan-shaped group of hyphae, 
conditions arise in certain cells which are suggestive of the man¬ 
ner in which a binudeate cell is formed m a young ascus Some 
terminal cells (Text Fig, 5 A) become binudeate by a nudear 
division which is not followed by wall formation tetween the 
daughter nuclei (Text Fig 5 B) These m turn divide forming 
four nuclei (Text Fig 5 C) Then cell walls are laid down b^ 
tween the homologous members of each pair of granddaughter 
nuclei, thus forming three cells, the central one of which is bmu- 
deate (Text Fig 5 D) Then the two elements of the binudeate 
odl fuse (Text Fig 5 E) This, then, is the fusion which initiates 
the growth of the ascus Probably before this fusion takes place, 
the terminal, uninucleate cell will have grown into a slender b3ridia 
(Text Fig 5 F and Fig. 15), which is one of the fan-shaped group 
of byphae The ascus now increases m length and breadth, while 
the dender hypha tenmnating it gradually degenerates, ^ is fin¬ 
ally cut off at the cross-wall (Text Fig 6 E, F uid Q, and Fig 9) 
Meanwhile the three nuclear divisiims which occur in the ascus 
after fusion has taken place result m the «ght-nudeated ascus 
(Text Fig. 5 H, and Figs. 10,16 and 17) 

Famaium Cjf the Aeeoeporea 

The eight nuclei formed arrange themselves mto a single row 
which extends the full length of the young ascus In that 
position another division occurs preparatory to the formation of 
the twoHielled ascospore. Pnor to this division, there is a con¬ 
densation of the cytoplasm around the dividing nuclei At this 
stage there are eight dark stmning masses in the young asous. 
The nudei then divide, one dau^tm* nucleus ronauung 
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m the center of the mass, while the other moves to the lower 
end Now there are cleavages in the csrtoplasm surrounding 
each pair of nuclei, and in these deavages the spore walls 
are laid down Walls also form between the members of each 
pair of nuclei, resulting m a two>celled spore, the upper cell 
of which 18 much larger than the lower (Fig 18). Tlie en- 
dosponum is formed first, then as the remamder of the cyto¬ 
plasm in the ascus draws away from the spores, the exospore is 
laid down. As the spore matures the exospore beccones thicker, 
and the cytoplasm denser. The mature ascus then contains 
eight, two-celled spores (Figs 11 and 19) A nucleus can readily 
be seen in each of the cells of the aseospore 

The Pyemdnm 

In the fall the pycnidia (Figs 20 and 21) appear on the 
upper surface of the infected leaves Their development begins 
when the intercellular mycelium has spread throughout the 
tissue of the leaf They are flask-shaped bodies, almost entirely 
embedded in the leaf, with short, thick necks protruding The 
walls are made up of somewhat loosely mterwoven hyphae 
From the inner side of these, long dender hyphae anae, which 
foim the pyonidiosporos These are apmdle-s^ped cells In the 
center of each one there is a largo nucleus, wboh really fonns 
the greater part of the cell and which is said to be a character¬ 
istic of spermatia However, there is no evidence that fertili¬ 
zation IS effected by theur agency In addition to the small 
hyphae which form the pycmdiospores, there are present larger 
hyiihae which are composed of short chains of angular cells. 
These are somewhat deeper staming than the i^cmdioqiores. 
Their function is not known 

The Fungus tn Culture 

Cultures were obtamed from ccmklia oolleoted in May Sinc^ 
spores were isolated and transferred to arbficial media The 
mycehum which develops on media is sumlar in every respect 
to that on the host. On solutions of sugan d various ooncentra- 
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tion, and of peptone with sugar, when the filter-paper pads of Leo- 
man (7) were used, the fungus was grown with ease On malt- 
extract, m solutions containing various concentrations of from 
0 5 to 20 per cent, it produced especially lai^ amounts of myce¬ 
lium in the higher percentages 

On Leonian’s agar and on heavy oatmeal agar, myrelium was 
very luxuriant On adding 1 per cent levulose and 06 per 
cent potassium nitrate to the oatmeal agar, the fungus proceeded 
to develop dark brown liodies The work had to be discontinued 
at this point, so that no final report can be made 

The fungus grows l>est, in the media mentioned above, at a 
temperature of about 25° C It grows fairly well at 8° C, and it 
will even show slight growth at a temperature near the freezing 
pomt 


TAXONOMIC BELATIONS AND DISCUSSION 

** Dtmeroaponum CoUtnstt,’* the fungus discussed m the pre¬ 
ceding pages, has been known m this country for a long time, 
it was first desenbed by Schweuutz (10) m 1832 as Sphama 
CoUtnait, The specimens so named were sent to him by Dr. 
Zaochaeus Collins The host is not mentioned, Schwoinitz (1 c) 
says the fungus occurs on the under side of an unidentified leal 
(“in aversa pagina fohi ignoti”). 

Liater Berkeley (GremUea, IV 106) desenbed a fungus under 
the name of Sphaena papiUtmaceae B. & C from material 
collected in South Carolina by Bavanel, on what was “ap¬ 
parently some rosaceous plant “ At the same time he named 
a fungus on “Mespilus” (-Crataegus?) from Massachusetts, 
Sphaena Ruaadlit B d; C. Later (OrmOea, XV 82, 1887) 
he refers both of these to the genus Lasiosphaeria and remarks 
that they are synonymous with Dtmerosponum Catttnmt Thfim 
EUlis (3), perhaps on the strength of Berkeley’s opimon, does the 
same. We have not seen these specimena, if they exist, but are 
molmed to doubt the synonymy, on the ground that the hosts ace 
unusual. 

Meanwhile *Feok (8) found it on Amdanditer eanadetuie in 
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New York State, and, under its onginal name of Sphaena 
Colltnm Schw , gives for the first tune an account of its effect on 
the host and of the microscopic characters of the fruiting stage. 
Ills account of the relations between the fungus and host follows 

This remarkable Sphaona waa found in conmdemble quantity m the 
locality mentioned It attacke ail the leaves on an affect^ branch, and 
even Uic branch iteelf mves indicationB of the proeence and inSuenoe of the 
fungUB It IS more or less contorted, swollen and defiooted towards tlie 
ground The upper surface of the leaves assumes a dark*greon or lund hue, 
the hnver surface being wholly orcnipied by matter] filaments, the subiculum 
of the Sphaena This is at first oltve-brown m t*olor, but at length black 
a}>ots appear upon it Those gradually enlarge until the whole surface bo- 
eomrs black With this (hange in the color of the subiculum, the penthocia 
appear, but they do not, apiiarently, perfect their spores unUl the following 
sprmg, spore-lieanng stieeimenH liavmg been found m May The affected 
l^vcs adhere to the branch diirmg the winter and the early part of the 
following summer Thew* dry leaves, when seen among the surrounding 
green leaves that put forth before these have fallen, together with the droop¬ 
ing branch that i^^irs tliem, are deceptively imitative of dead leaves on a 
branch that has lxH*n broken down but still adlieres by a shred to the fiarent 
trunk The young fungus commences its growth before the old one of the 
previous year has disappeared 1 have taken from the same tree, at the 
same time, old leaves licaniig the mature Sphaena, and young leaves boonng 
the subiculum and yoimg pcntbecia of succ^mg crop The fungus 
does not appear to kdl the branch it attacks, 

Thdmen (12) transferred it to the genus Dimerosponum, 
and Saccardo m the SyUoge (9) compiled the accounts of 
Schweinitz and Peck under the name DimeroBp&num CoUtnm 
(Schw) ThUm 

Finally, Von Hohnel (6), after an examination of such cx- 
siccati as were accessible to him, decided that an ostiole was 
formed by the pcrithecium, placed it m the Sphaonaoeae, and 
erected a now genus for it It thus became Apiosponna Col- 
ItMit (Schw.) V H He also considers Plownghha pkyttogenaf 
a California fungus described by Harkness, identical with it, in 
this disposition of P phyUogenay Thcissen an^ Sydow (11) concur 

Schweimtz (10) liad placed his fungus m the tnbe Byssisedae 
in the old, comprehensive genus Sphaena Fr, Here one finds it 
located near species which would t^ay be placed in such widely 
separated genera as Rosellmia, Herpotrichia and Hypomyces 
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Peck (8) remarks that )t shows similarity to "Sphaena morbosa” 
(^Plmvngktia morhoaa and also Dibobryon morboaa Bchw) Theiss 
jc Syw. (11) 

As to its hosts, Amelanehier canadetms (L ) Medic seems to 
be the only Eastern host known on which t^ fungus occurs 
Ellis (3) reported it also on A cdtafulta Nutt, from the Sieira 
Nevada Mountains of Califomia This was tlte host given for 
“Plownghtta phyllogena," by Harkness 

As Von Hcdmel (6) has already pomted out, even a super¬ 
ficial study of the perithecia shows at once that the fungus is not 
a Dimerosponum, and the additional fact brought out in this 
paper that its mycelium invades the host leaf and is m no- sense 
superficial, removes it clearly from the order PortosporialeB. 
But Von Hdhnel came to the conclusion that the perithecia are 
ostiolate, this is not surprising, considering that he worked with 
old collapsed herbarium specimens He notes, however, that the 
ostioles ate not typical ostioles. In studying this pomt, we 
found that there was no basis for the notion that an ostiole of 
the si^aeriaceous type is here differentiated To be sure, weaker 
or thinner areas may arise in the walls of exceptional penthecia, 
but there is no constancy of position of such areas In such cases 
the mature perithecia probably break first at those points, but 
for the most part they break open irregularly in the manner of 
similar non-ostiolate penthecia. Except for this lack of a differ¬ 
entiated ostiole, it would be difficult to find objections against 
placmg the fungus in the Sphaeriaceae It would appear that by 
its habit and development it approaches such ascomycetes as 
Neopeehia CouiUen (Pk) Saoc mAHerpotnehtantgraBaiiag, fnxn 
which It differs mainly m the character of the ascospores These 
species also are foliioolous and produce a highly developed 
superficial mycelium in which Uie penthecia are imbedded 

Two other groups of asoomyeetes can be considered as possiUe 
receptacles for this species, tiie Dothidiales (sense of Theissen 
A; Sydow) and the Aqietgi^ocae (sense of Fidier m Eni^er and 
Frantl’s Pflaraenfamiiim) In borii true ostioles are lacking 
The extension of the definirion of strenna, so as to include whi^ 
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we here consider the penthecial wall, might permit the inclusion 
of this species in the genus Armatella Thciss and 8yd , a mono- 
typic genus in the Dothidiales whose one species has already 
been taken out of the Dothidiales by Von Hohnel (5) The 
difficulties arising from assigning to structures, whoso ongm is 
unknown or very doubtful, the term ‘stromatie,’ is only too well 
known to careful workers in the ascmnycetes to need discussion 
here. In the Aspergillaceae the asci are irregularly disposed 
within the ascocarp and in general have different habits. 

Apwsporina CoUtrmi is, therefore, when considered from a 
purely taxomic standpoint, an anomaly In another sense, how¬ 
ever, it 18 to be considered as belonging to the type of organisms 
which, by virtue of certain characters, are mtermediate in a 
phylogenetic arrangement That its connection with the Sphaen- 
aceae is far closer than with any other group is shown by its 
characters other tlian the lack of an osfaolate peritheeium In 
addition, the developmental history of the structures that make 
up the peritheeium points to the same conclusion 

The manner of approaching the problem of phytogeny within 
the ascomycetes, as presented by Dame Gwynne-Vaughan (4), 
IS well adapted for inquiry into the question of relationships ctf 
the species before us In her mtroduction to the division of 
“Pleotomycetes,” in which the Ponsporudes are placed by this 
author, one finds the statement “In none of the Pleetomycetcs 
are the more complicated forms of sexual apparatus reached, 
the tnoogyne and odgonial region are never multicellular and 
the anthendium never becomes a spermatium’’ In the Pyre- 
nomyoetes, on the other hand, there is generally a structure 
composed of differentiated hyphae, whkdi are more or less coiled 
or intricate among themselves, certam cells of interior hyphae 
as shown by their stauung properties asp considered as the 
a>reheoarps. The few facts so far noted for Aptosponm CdOmm 
seem to mdicate that this fungus belongs to the pyrenomyecte 
division as limited by Qwynne-Vau|hw In the time available 
for the study of developmental stages only the bare outlines of 
the process could be estabhshed However, it aeons clear, from 
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the figures herewith presented, that a coiled aroheoarp is present, 
and that the further development is of the type which has been 
worked out for Polystigma rubrum (1) or Gnomonta erythrobtroma 
(2) In these, as in Aptoaponna CaUinnt, so-called "sperma- 
gonia” are a part of the life-histoiy 

Taking all these facts into consideration, we cmsider the 
name given to this ascomycete by Von Uohnel valid, and its 
position m the Sphaeriaceae fairly assured With regard to the 
characterization which Von Hohnel gives to his genus, Apiospo* 
nna, it is evident that it needs emending Tlie fungus is m- 
tramatrioular (not superficial) and the perithecia are not “with 
ostioles ” 

A word may be said conoenung the use of the term ‘sper- 
magonium,’ as apphod to certain pycnidial structures m the 
ascomyoeteB. The term has been most tenaciously retained by 
the cjrtological workers, because to morphologists it is the back¬ 
bone of a theoiy — the theory of a once functional sex-organ 
that has become functionless Whenever such pycnidia bear a 
certain type of minute pycnidiospore, they are caUod ‘spermatia,’ 
in spite of the fact that this word has excellent meamng m 
certain plants where spermatia are functioning male cells. When 
pyonidia of very similar structure and position bear conidia, 
small as they may be, provided they gemunatc and the germ- 
tubes are known to infect the host, then they are no longer 
‘spermatia,’ if we understand the idea of these students of mor¬ 
phology. But to be logical, one can just as easily assume that 
pyomdia, which produce, say, several-celled, brown spores, have 
descended from ancestral antberidia by changes no more dis* 
turbmg than that of these ‘spermatia’ which have lost not only 
their sex-functioning ability, but also their normal position near 
the female organs. If the terai ‘spermagomum’ is to be re¬ 
tained, then it should include all pyemdia formed by species of 
asoomyootes, for the germinating or non-geiminating ability 
and perhaps even the mfectmg abihty is not necessarily absent 
because it has not been brought about. Nor are these types of 
pyomdiospores the only ones which defy germination roles, for 
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species of the genus Libertella, of Phomopsis and of other gen¬ 
era, have been studied, whose comdia resisted all the usiud means 
applied to cause germination. 

The authors are under great obligation to Mana K Sartons 
for making the drawings of Figures 1, 2, 3,4,5,6,15,16,17,18, 
19 and 20, and to Dr Ernst Artschwager for aid m taking the 
photomicrographs. 

Univebsitt or Micbioan 
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DESCRIPTION OF PLATES 

The line drawings were made with the aid of a Spencer microscope 
equipped with a lOX ocular and 2 mm, 1 40 N A oil immersion objective 
and 140 N A condenser The photomicrograplis were taken with a 
Bausch A Lomb microscope stand equipped with a Leits OX penplan 
ocular and 2 mm 1 40 N A oil immersion objective and 1 40 N A con¬ 
denser 


PLATE XIV 

Fig 1 CrosB-section of a leaf of Amekmcfcter canodsnsu, showing the vege¬ 
tative unmuclcate myoehum of Apioapanna CoUinsn 'J'hc aerial myce¬ 
lium consists of branchmg hyphae, the basal cells of which are large and 
irregular, and have thick brown walls and a thm layer of cytoplasm 
The intercellular mycohum is more regular, the walls are thm, hyaline, 
and tlie cells arc Oiled with a fine granular cytoplasm Haustona arc 
not formed, and the mycelium rarely enters a cell 

Fig 2. The conidiophores and tlie unmuoleate conidia 

PLATE XV 

Fiq 3 A ponthecium, mitial m cross-section consistmg of a coil of a few 
differentiated hyphae, surrounded by vegetative hyphae 

Fio 4 The origm of a coil from three hyphae m vertical view The vege¬ 
tative hyphae begmnmg to envelop it, all cells arc uninucleate 

Fio 6 The cells of the coil have divided to form many cells, and the 
vegetative hyphae are fonnmg the begmtungs of the perithecial wall 

Fia 6 The coil has become greatly enlarged, and the pcnthocial wall is 
thicker and more compact, all cells are uninucleate 

PLATE XVI 

Fio 7. The penthecial wall is completely formed, and the coil now consists 
of many colls, and is about to givo rue to the ascogenous hyphae 
Magnified 940 tunes 

Fig 8 A fan-shaped group of slender hjq^iao onsmg from the coil (Asco¬ 
genous hyphael) Magnified about 940 timos 

Fio. 9 A more advanced stage of the fan-shaped group of hyphae showing 
the long, slender hyphae, which will degenerate, and enlarged, dark 
stammg, basal cells which will give rise to the asoi Mag^^ 700 

fanfwwf , 

Fio 10. Young asoi formed from the basal cells of the fan-shaped group of 
hyphae Magnified 530 tunes. 
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Fia 11. Tl» peiithc»)ium is almost mature Each asetis oontains eigjbt 
two-oeSed ascospcnes 

Fto 12 The witobes’4mK»nei caused by Aptwponna CtiXtmm on Amdm- 
cAier oonadmM. 

Fio 13 The intnoate ooQ by wbicb the pentheoium is miUaicd Magnified 
lOtiO tunes. 

Fro 14 OrosEhsectiQn of a leaf of Amdanchter ocmodenm, showing typical 
arrangement of peritheoia. Magnified 56 limes 

Fto. 21. A photograph of a pyciudium. Magnified 940 tunes. 

PLATE XVII 

Fto, 15. One of the slender h>phae in the fsondiaped group, the basal coU 
of which is binucleate The two nuoloi are approaching oach other just 
prior to fusion The cell m which the fusion lakes place will enlarge to 
form the asous; the fusion nucleus, by successive divisions, will give 
rise to the ascuspoie nuclei 

Fta 10 The young asous has started to enlarge and the second nuclear 
chviBioii has just been completed, giving rise to four nuclcd 

Flo 17 The young ascus contaming eight nuclei The cytoplasm is begm* 
ning to condense* around the nuclei, and the final ^vision of the nuclm 
18 about to take place 

Fio 18 The final nuclear divuuun has taken place The asous now con¬ 
tains sixteen nuclei from which eight two-celled spores ore forming. 
The cytoplasm not used m the formation of the asoospores shrinks to 
the wall of the asous and disintegrates The oonneotmg substaoee be** 
tw e en the two colls of the young spore does not stam. 

Fxo. 19 Mature ascus eontammg eight one-eeptate spores, the up|ier oeO 
of whtdi 18 much larger than the lower 

Fxo 2a the pyeaidium embedded m the tissue of the leaf exofqit for the 
slKKt, thick neok, whkdi breaks through the eiddenms and protrades 
slight The wait of the pyemdium ts formed of Inoseity interwoven 
hyidme. Blender hypbae consisting of small cells with compiuntively 
very large nuclei arise the wall, and usually degenerate before 
gMog rise to mature eomdia Besides \Jhtm, there axe sbciErt obaina of 
Jargeri inegular, dafk stauuag cells of unknown fuBotaoib 
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THE REACTIONS OF BEAN RUST GROWN 
ON LEAVES IN SOLUTIONS* 

CHAJBLiS W. WATERS 


mraoDucnoH 

JN aU of the stutfies and invesUgafaiona that have been made cm 
the nuts, investigators have been greatly handicapped the 
fact that the paiwdte is so highly specialist and sudh a penust- 
ent obligate. Up to the present time no one has ever succeeded 
in cultivating tltm upon any medium other than thmr natural 
host Undoubtedly, numerous attempts have been made, but 
with the exceptions of the recorded attempts of Brefdd (2), Bay 
(9) and Carieton (3), little or no mention u made cd them m the 
literature. 

De Bary (1), as early as 1863, settled (he question that the 
rust organism was the cause of the cfasease and not the result, 
and stated that the parasite was unable to exist outside of the 
living host. 

Marshall Ward (11) grew sterilised host fdants in nuta^t 
solutions «md succored in keepii^ a pure culture of the rust 
organism, PvMiaia dupersa, growing cm the {dents uhile«under 
these conditions He detached {Kutions of the host after in- 
ooulation and endeavored to secure infection m these {larto, but 
his results w«e negative. 

Mains (8) mooulated portions cd leavss of Zta ma/yi L., which 
wme float^ cm carbohydrate scdutions, and was successful in 
koaping a pore oidtuie cd tibe rust orgamsm, Pvaunta toryhi 
Sehw., by thJs naethod. 

CltotOB and MeCormitic (4) {daced aedciqiores cd Oronortium 
H&fectis 3 ^ 1 . de Waldh. k<m Pittm ttrobut L. cm leaves of 


* SltlgMrfnaths Ibspartuent of Botaay cd the Vmvemigr «f MioUgu, 

tf0.m 
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164 


Charles W, Waters 


Ribee mgrum L in a petri dish and seeured infection Later in 
1924, the same investigators (5) contmued their work, using 
thirteen genera of rusts with varying d^piees of success 

The following work was begun m the fall of 1923 and contin¬ 
ued throughout the winter and spnng following The bean rust 
organism, Uromycea appendtculatua Fries, was used m all of the 
experiments For the original material the wnter is indebted to 
Doctor F D. Fromme of the Virginia Experiment Station and to 
Doctor £ B Mams of the Purdue Experiment Station The work 
was earned on under the direction of Doctor C. H Kauffman, 
to whom I am mdebted for suggestions and helpful onticism. 

The object of the experiments has been to observe the physi- 
ologioal reactions of the parasite when grown on leaves or por¬ 
tions of leaves detached from the host and floated on solutions 
m potn dishes Such a method of culture if perfected will serve 
as a means for understanding bettor the relation of the fungus to 
the host and the food-supply, and, perhaps ultimately lead to 
the cultunng of the rusts under purely saprophytic conditions 
To this end much has to be accomplished m the way of techmque 
and the study of the food relations of the fungus. 

EXPERIBIENTAL 

Bean plants were cultivated m the greenhouse and moculated 
so as to insure a stock supply for the petn dish work The vari¬ 
eties o| bean, Kentucky Wonder and Tennessee Green Pod, were 
used m all of the work, smoe they have been shown Fromme 
and Wmgard (7) to be the most susceptible. 

The method used in inoculating the potted plants with rust 
was the same as has been emplpyed by the vanous invesbga- 
tors, namely, that of making a spore suspension m distilled water 
and spraying them by means of a No. 16 De Vilbias atomiser, 
after which the plants were placed m a moist chamber for a 
period of forty-eight hours at a temperature of 18 to 20 dqirees 
Centigrade At the end of this time the plants were removed 
from the moist chamber and placed on the greenhouse henches. 

The method used m the dish culture was smular to that used 
by Mams (8) m his work with Pueeima sorgh*. Leaves, or por- 
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tions of leaves, were floated on solutions in petii dishes and then 
infected by applying the inoculum either by means of spraying 
or with a scalpel or brush of camel’s hair The latter method 
insures a greater amount of infection, but, since uniform mfect- 
tion was desirable, the spray method was onployed in all of the 
experiments. 

To imnimise the amount of oontamination m the cultures due 
to extraneous fungi, extreme care must be exercised m preparing 
the dishes and m applying the moculum The same precision di 
technique must be employed that one would use m any careful 
mycological culture work 

The dishes to be used were first sterilised, after which the 
sterilised solution was poured mto thran The amount of solu¬ 
tion used IS just enough to insure the free floating of the leaf 
Too much solution is very apt to splash over the sides of the 
dish and thus afford a means of entrance for bacteria The 
leaves to be used were carefully washed in stenie, distiUed water 
and placed on the solution m the dishes The atomiser was 
stenhzed and filled with sterile distilled water If a flamed 
scalpel is used m transferring the spores from the center of the 
individual uredinial pustules to the water m the atomiser, there 
IS shght danger of contamination fnnn this source During the 
process of atomising, the dish cover diould not be comifietely 
removed for any longer time than is absolutely necessary 

Vanous nutrients were tned in the solutions upon wl^oh to 
float the leaves and it was found that a five per cent sucrose 
solution gave the best results It was found that not only did 
the sucrose solution afford the best nutrient to the host le^ but 
apparently proved to be a relatively poor medium for contam¬ 
inating bacteria and fungi 

Among the various nutrients tned wero glucose, levuloae, 
starch, m^tosc, raffinose, asparagm, sucrose and peptone Dis¬ 
tilled water by itself was also used m the work 

In storing the dishes after inoculation tt was found advisable 
to use a somewhat different procedure for tiie dishes containing 
Ihe sucrose solution than for those containing the distilled water 
In the former, since the leaves dhtained their carbohydrates 
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directly from the solution, it was not necessary that th^ be 
placed m the light However, m order to keep contamination 
low the dishes were placed in the greenhouse under a framework 
partudly covered with black paper In the case of the distilled 
water cultures, the nourishment obtained by the fungus came 
from the products of photosynthesis earned on in the dish, 
this necessitated placing the loaf in a lighted place Repeated 
trials, however, showed that direct sunhght scalded the leaves 
very badly. A plan was devised whereby the dishes were placed 
on the bench of the greenhouse behind a screen of white paper 
This prevented scalding and at the same time gave the leaf 
enough light to carry on the photosynthetic processes With 
this method it is possible to keep the leaf in a living condition 
for a long period of tune. Bean leaves have been kept float- 
mg for two months liefore showing evidences of decomposi¬ 
tion In some instances where the leaves wore floated on 
sugar solution, rootlets developed fiom the petiole and some¬ 
times attained a length of ten centimeters In several cases 
where portions of stems, taken from immediately below the 
point of attachment of the cotyledons, were floated on sugar 
solution, rows of rootlets develoiied and attamed a length of 
several centimeters before bemg checked and killed by contam¬ 
ination m the solution 

CONDITIONS FOR INFECTION AND PUSTUDE FORMATION 

Twenty dishes were used in the first expemnent, ton 
which contained young primordial leaves from healthy plants 
floated on a five per cent sucrose solution. The other ten like¬ 
wise contained healthy leaves, but m this case they were floated 
on distilled water 

On the fifth day after inoculation the leaves in the dishes 
oontatmng the sugar solution showed light-odored areas scat¬ 
tered over the blade On the sixth day, uredinial pustules broke 
through on both surfaces of the leaves Fromme and Wingard 
(7) in their work on the bean rust have found that the sori do 
not always extend through to both surfaces of the leaf. In aH of 
the cultures made in dishes it has been found that, without ex- 
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ception, the sorus extends through to both surfaces regardless of 
the surface which was moculated 

On the seventh day after inoculation, the pustules became 
visible on the leaves wluch were floated on the distilled water, 
and by the end of the eighth day had broken through These 
pustules were smaller and much paler than those formed on the 
leaves in sugar solution 

When the time of incubation m the dish cultures is compared 
with that of potted ]>Iants m the greenhouse, it is evident that 
the former method lessens the period by at least two days m Uie 
case of the sugar solution Plants in the greenhouse show an 
incubation time of from boven to thirteen days depending on the 
susceptibility of the host and enviionmental conditions Also it 
was observed that the amount of infection was mcreased over 
that of the potted host plants 

The size of the pustules and the absence of the characteristic 
brown pigment m the spores produced on the leaves in the dis¬ 
tilled water led to the belief that perhaps the viability and the 
infecting ability of the spores had been lessened To determine 
this a scries of e\]K>rinients were run for both germination and 
infection 

Spores were taken from both the leaves on the sugar solution 
and the distilled water and placed in hanging drops on the under 
Bide of pi‘tri-dish covers Results showed that the sixircs taken 
from the former possessed the same degree of germmating ability 
as those taken from the lattor In several trials no differences 
could bo noted 

To teat the infecting power of these spores, eight potted 
plants were inoculated, four of them widi spores taken from the 
leaves in the distilled water and four with spores taken from the 
leaves in sugar solution At the end of eight da>s the uredmial 
pustules appeared on the loaves of all eight plants, the degree of 
mfeotion being the same m all cases 

In addition, twelve dishes were arranged, six contaming 
leaves floated on distilled water, and six on sugar solution 
These were moculated in the usual manner, three of the leaves of 
the former, with spores taken from the leaves lieanng the normal 
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pustules and three with the spores from the pale, almost coknv 
less pustules The six dishes contuning the leaves on the sugar 
solution were treated in the same manner At the end of six 
days all of the leaves on the sugar solution showed the chararter- 
istio uredinial pustules, the spores of which were pigmented m 
the usual manner On the eighth day the leaves on the distilled 
water also showed evidence of infection, but in this case the pus¬ 
tules were of the small and hght-rolored variety This shows 
that the source of the inoculum exerted no effect on the degree of 
infection produced It does suggest, however, that the amount 
of food present in the host during incubation of the fungus, was 
a contributing factor to tlie size of the pustules and the amount 
of pigmentation of the spores produced Such spores, however, 
thougii clearly exhibiting tho effects of an apparent paucity of 
food in the host which produced them, were not affected in their 
germinating ability or their infectuig powers when placed tm 
susceptible and well-nourished hosts Ward (11) in his work on 
the rusts of Bromes came to very much the same conclusions In 
his experunents, in which he grew plants m water cultures to 
show the effect of mineral starvation on the development of the 
rust parasite, he draws tho following conclusion “Mineral starvap 
tion makes itself felt quantitatively in the number of urodinia 
produced on the host,” and also “Spores even when reared aa 
starved seedlings are capable of normal germination and infec¬ 
tion when placed on leaves of other normal seedlings ” 

Stakman and Levme (10), while working on the effect of eco¬ 
logical factors on the morphology of the uredmiospores of Pue- 
etma gramnta Pers, make the fdlowing observation “Adverse 
environmental conditions unfavorable for the host are also unfap 
vorable for the parasite, affecting the vundenoe and qiore sue at 
the latter ” They also determined the effect of temperature, 
light, mbisture, excess of nitrogenous fertiluors, and age of the host, 
on the size of the spores, a^ found m scnne rusts that such 
conditions did exert an mfiuenoe They also found, however, that 
“As soon as the unfavorable faotma are rmoved the fungus re¬ 
sumes its normal functions and regains its original stracture.” 
The results of the writer seem to verify this 
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Since infooiion occurred readily through the use of whole 
leaves floated either on sugar solution or distilled water, it was 
next in order to detemime to what extent infection could be ob¬ 
tained if the leaves were cut into very small pieces 

Eight leaves were placed in dishes, four of which contamed 
distilled water, and the other four, sugar solution. The leaves 
were then cut mto small portions, averagmg about five milli¬ 
meters square, and sprayed with the spore suspension 

On the eighth day after inoculation the portions of leaves on 
the sugar solutions showed infection. About ten per cent of the 
pieces bore the un>dinial pustules, which averaged about two to 
a piece Two days later, the pieces of leaves on the distilled 
water showed a slight infection Three or four portions in each 
dish contamed the uredinia, and it was noted that m all cases it 
was the portions of leaf that contamed the larger voms that pos¬ 
sessed the pustules In these the pustules were formed adjacent 
to the veins 

Experiments similar to these outlined above were tried except 
that the dishes wore placed in the dark during incubation In the 
case of those portions on sugar solution, the amount of infection 
was about the same in the dark as in the light. In the case of 
the distilled water, however, no infection was secured m the dark 
DeBary (1), in his senes of mvestigations on the rust, 
Vremyou appendtetdaius on Faba vutgans (this is the Uromyees 
fahae De Bary of today), found that the surface of the leaf re¬ 
ceiving the greater amount of light will produce the son in ad¬ 
vance of the surface receiving less light He conducted a 
series of experiments and found that if he inoculated the plant 
and then exposed one surface or the other of the leaf to the light 
dunng the penod of incubation, that surface which bad been ex¬ 
posed would produce the uredimal pustules sOoner than the other 
He also found that in this rust eventually ibe son would extend 
tiiraai^ to both surfaces 

Since all the factors ooncemed m an eiqierunent like this can 
be aaafly controlled by tbe potn-dish method of culture, expert- 
ments were set up to determine wlwther tlie same results could 
be obtained with the rust with which the writer was working. 
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Sixteen du^es were used for the first tnal Young leaves 
were placed m the dishes, eight of which had the dorsal surface 
uppermost while the remaining eight liad the surfaces reversed 
Each dish contained distilled water on which the leaves were 
floated During incubation, four of the dishras containing the 
leaves with the dorsal surface up, were exposed to noimal li^t 
conditions The other four were placed so that they would re¬ 
ceive twenty-four hours of light each day The dishes with the 
leaves in the reversed position were apportioned in a like man¬ 
ner A one-hundred-watt nitrogen light was used to supply the 
artiificial illumination It was suspended about three feet above 
the dishes. During the day all sixteen dishes were exposed to 
daylight From sunset until eight o’clock a m the artificial 
light was used for these dishes The dishes were all inserted m 
openings cut m black paper which surrounded them and thus 
prevented diffusion of light from the sides 

On the seventh day after inoculation, urcdmial pustules 
pcared on those leaves which had the dorsal surfaces uf^iennost 
and which had been exposed to continuous light The following 
day the uredinia appeared on those leaves which had been ex¬ 
posed to normal light conditions and which had the dorsal sur¬ 
face uppermost On the nmtb and devonth days the leaves with 
the ventral surfaces upfiermost showed the pustules m the same 
order in which those of the other leaves appeared 

Examination and counts disclosed the fact that in all the 
oases the pustules extended entirely through the leaf It was 
observed, however, that m all of the leaves the pustules first 
broke through the surface which had been exposed to the light 
In each case the uredinia were noticeable about one day in ad¬ 
vance of those on the under side, regardless of whether the (kai- 
sal or ventral surface was up Sections out through the leaves 
and treated with chloral-hydrate and iodine showed that m eadi 
case where the ventral surface received the bgbt, after the qions 
had been sprayed upon it, there were a great number cS shrive 
uredinia wiuch had never broken throu^ the surface of Hie leaf. 
As a result of this, leaves placed in their noimal position, i.e. 
with the dorsal surface uppermost, idways showed a heavier tn- 
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fection than the ones with the surfaces reversed This presents 
an interesting situation and might be explained m the following 
manner In the bean leaf the palisade parenchyma is found on 
the dorsal side and in this the greater amount of food is synthe¬ 
sized This being the case, when the leaf is placed so that the 
palisade tissue is exposed to the bght, more food should be manu¬ 
factured On the other hand, however, there are seven tunes as 
many stomata on the ventral surface as there are on the dorsal, 
so that, when the leaves are placed so that the spores are sown 
on the ventral surface, there are seven tunes as many points of 
entrance for the fungus This should result in greater infection 
It 18 evident that two factors enter into the matter of the amount 
of infection, the number of germ tubes tliat enter the leaf, and the 
nourishment received by the fungus after once gaimng entrance 

Stakxnan and Ijcvinc (10) and Marshall Ward (11) have shown 
that the vigor of the fungus is dependent on the vigor of the 
host, so that in the leaf where there is an abundance of footl wo 
idiould expect to find greater sporulation than in a leaf whore 
there is a scarcity of food, even though many more germ tubes 
enter m the later case These were the conditions present in the 
two sets of leaves E)von though many more germ tulios pene¬ 
trated the leaf in the case whore the leaves wore inoculated from 
the ventral surface, shortage of food limited the development of 
the fungus. 

While the oxpcrmiont verifies the results of De Baty, it also 
shows very clearly an additional mfluenoe of hght on the develop¬ 
ment of the rust 

Fromme (6), working with Pumnta coronala Corda, and 
Mams (8), with Pucctnta ooromUa and Pucemta aorght, have 
shown that when Avena sativa L. and Zea mays are moculated 
with Pucetrua coronala and Pucctnta sorgkt respectively, and 
placed in a dark room during a portion of the mcubation period, 
tho tune necessary for sporulation is increased approxunately in 
direct proportion to the time that the host plants were loft m the 
daric. Fr^ this they concluded that it is probable tiiat the rust 
is diqiendent on some transition products ctf photo^thesis for 
its nounsbment. 
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The cxperunent of the writer shows clearly that if the houni 
of hght are increased over the normal during incubation, the 
tune of sponilation is hastened In the case of the leaves which 
were subjected to continuous hght the incubation time was 
shortened by twenty*four hours This makes the tune of incuba¬ 
tion for leaves floated on distilled water with continuous hght 
about the same as for leaves floated on sugar solution. 

CONDITIONS FOR TRLIOSPORB FORMATION 

In the experiments thus far mentioned nothing has been said 
concerning the production of urediniospores as agamst tdKMqwre 

formation Certain re¬ 
sults had been noted, 
but it was thou^ ad¬ 
visable to mdude them 
under the one head 
Various mvestigators 
have from tune to time 
asserted what was m 
their opinion tiie answer 
to the phenomoion of 
teliospore formation. 
The wnter will not at¬ 
tempt at this time to go 
mto an histonoal review 
Fxo 6 PortKm of bean leaf from aucioac of the subject, but SUflSoe 
solution abovnng pnmaiy and secondary it to say that among tim 
son with tehoapowB formed m aeoondaiy various causes presented 

have been moisture, 
temperature, humidity, age of host, mechanical tnjuiy of the 
host, fungus oonstitutiDn, and degree of susceptibility of tin 
host Smoe the bean rust oiganiam is one that pr^uoes urediaio- 
spores and teliospores in abundance depending on certain oheam- 
stanoes, it lent itself readily to such a study. 

Among the first expenments it had been noticed that them 
always existed a difference m the production of tehospoies on 
the leaves on tiie sugar soluikui and those on the distilM winter. 
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In the former case, the secondary uredinia nearly always formed 
in oonoentric circles about the prmiary ones (Fig 6), and m some 
eases tertiary pustules were formed about the secondary ones 
(Fig. 7) When tehospores appeared they were always found m 
the secondary or tertiary pustules, never m the pnmaiy 

On the other hand, when the leaves were floated on distilled 
water, tehospores frequently make their appearance four or hve 
days after the first appearance of the urodinial pustules In 
these cases the tehospores were found interspersed with the uro- 
duuospores m the primary son (Fig 8) and scarcely ever were any 



Fia 7 Portion of bean leaf from auorose solution showing 
pntnaiy, secondary and tertiaiy son 

secondary son formed Frequent trials were made m comparing 
the two sets of conditions and m all cases the results wore the 
same 

In view of the fact that the toliospores seemed to appear first 
in the leaves on the distilled water, a senes of experiments were 
sot up to determine the effect that the addition or subtraction of 
the carbohydrate would have on the teha production 

For the first oxpenment ten dishes were prepared having the 
leaves of the bean floated on distilled water, another ten were ar¬ 
ranged with the leaves floated on the sugar solution The leaves 
in all of the dishes were mooulated m the same manner 

Six days after inoculation, when the uredimal pustules were 
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just beginning to appear, five of the dishes containing the water 
were emptied and a five per cent sugar solution added. Likemse 
five of the dishes containing the sugar solution were emptied, 
thoroughly rinsed with distilled water, and water was added 
They were then set aside for another week. For convemenoe the 
sets of dishes will be referred to as follows The set which con¬ 
tained the water continuously will be designated as A, the set to 
which the water was added later will be AA, the set which con¬ 
tained the sugar during the entire experiment will be B; and the 
set to which the sugar was added will be BB 

A week later, or thirteen days after inoculation, the cultures 
were exammed with the following results Cultures A showed a 

fair amount infection 
with the son having the 
charactenstio pale cohff. 
No secondary pustules had 
been formed and the loives 
were m a good state of 
preservation, retaining 
their normal green color 
Examination showed that 
the pnmary soti oontamed 
teliospores interspersed 
with the urediniospores Cultures B showed a vigorous growth 
of the rust evidenced by the numerous uredinia There was an 
abundance of both pnmary and secondary pustules The leaves 
had begun to fade and, with the exception of the regions around 
the son, were lighter than normal. AA, m which the water re¬ 
placed the sugar, showed a good infection, almost as plentiful 
in primary son as B, but with very few secondary ones The 
leaves were faded and bore evidence of the heavy dram upon the 
food-eupply Examination diowed that the secondary pustules 
were made up of an almost pure production of teliospores The 
pnmary pustules, however, ^owed only uredmioepores. BS, in 
which the sugar had rei^aoed the wster, diowed the best and 
most luxuriant growth at all The numbw of sort exceeded even 
those <A B, which had been on the sugar solution oontinuoudy- 



Fiq 8 . Portion of leaf from distilled water 
with teliospores formed in primary son 
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A week later, or twenty days after inoculation, another ex¬ 
amination was made of the cultures A showed the smallest 
amount of infection The pustules were still very small and m 
only a few instances had secondary son been fonned Micro¬ 
scopical examination revealed that the prnnary pustules contained 
an almost pure production of teliospores The leaves were 
still quite green and showed less ill effect from the presence of the 
fungus than did any of the other leaves B showed death of 
most of the leaves, and the secondary and tertiary son were 
found to contain many teliospores A A showed no further devel¬ 
opment The secondary pustules were almost purely telial in 
composition as were also the pnmary ones BB displayed fur¬ 
ther blanching of the leaves with the formation of teliospores m 
the secondary and tertiary pustules 

To attempt a full intcrpmtation of these results would mvolve 
a long and difficult explanation Suice, however, the appearance 
of the teliospores seems to bear a distmct relationship to the 
presence or absence of the sugar solution, a brief discussion will 
be attempted 

It IS safe to assume that when the leaves were moculated 
practically the same number of germ tubes entered all the leaves 
In A, winch was on the distilled water, the myoeha resulting 
from the successful entrance of the germ tubes were not all able 
to develop to the point of sporulation because of the scarcity of 
food, and as a result, only a few small pustules broke through 
In BB the same condition was present to the time of the addition 
of the sugar solution When this was added the many myoeha 
which till this time had been lying dormant m the leaf tissue be¬ 
gan growth rapidly and the result was a luxuriant production of 
uredinia In B, which contained the sugar continuously, the fun¬ 
gus developed so rapidly and m such abundance that at the tunc 
of sporulation the colls of the host wore robbed of thoir food and 
eventually killed In A A, which contained the sugar to the time 
of spore formation, the subtraction of the sugar at this critical 
period caused a partial cessation of the fungus activity as well as 
that of the host, with the result that teliospores were formed im¬ 
mediately. 
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It 18 interesting to note that B, which contained the sugar 
during the entire experunent, did not show as great spore produc¬ 
tion as BB, which contained sugar only dunng the latter part of 
incubation This might be explained in the following manner 
The sudden addition of a rich supply of food to the leaf at a pe¬ 
riod when the leaf, and consequently the fungus, was partially 
starved stimulated the growth of the fungus to a point which was 
even greater than that of the fungus which had a continuous and 
constant food concentration 

In summation, one can scarcely fail to be impressed by the 
coincidence that the disappearance of food was apparently the sig¬ 
nal for the formation of tehospores The experiment was repeated 
several times and practically the same results were obtained 
each time In this first report on the reactions of this rust, it 
IB to be emphasized, however, that no final conclusions should be 
drawn from the results obtained Rather it should be remem¬ 
bered that rarely does one cause act alone in such a complicated 
relation as that of a rust and its host. 
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CULTURAL LIFE-HISTORIES OF CERTAIN 
SPECIES OF EUTYPELLA, DIATRYPELLA 
AND CRYPTOVALSA* 

LEWIS E WEHMEYER 

'JpiIE three genera here considered are included m the “AUanto- 
Bphaeriaceen” of Von Hohnel (4), who has shown that 
this group has certain correlated characters m common In the 
older claasiiications Eutypella and C'lyptovalBa were placed m 
the Valsaceae and by some wnti^rs (Nitschke and Winter) as 
suhgenera of the genus Valsa, while Diatiypella was placed m the 
Diatrypaceae Such a separation was entirely ortifici^ All three 
of these genera have a similiar stromatic structure, yellowish- to 
brownish-hyaline, allantoid asoospores, long-stalked asci, ar¬ 
ranged in a definite bymenial layer, sulcate ostioles, and 
filiform, hyaline, curved or hamate conidia The genus Valsa 
shows none of these characters The related genera Diatrype, 
Quaternana, Cryptosphaena, Eutypa, etc, on the otlier hand, 
do show these characters The genera Diatiypella and Crypto- 
valsa differ from Eut}rpella m the possession of polysporous 
asci The difference in stromatic configuration, however, oc¬ 
cupies the same range of variation m Eutypella that it does m 
the two polysporous genera The following study of the develop¬ 
ment and life-histones of these fonns was made m an attempt 
to find further differences and similarities which would suggest 
relationships within this group. 

Euttpklla tumida (£. A E.), comb nov 

Material of this species was collected on twigs of C/hnut 
amencam L, near Ypsilanti, Midugan These specunens agree 

* Paper ftom the Deportment of Botany erf the Umvenuty of Michigan, 
No 280 
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with Ellis’s N A F., 2d Ser, No 2525 of Dtabrype DMtmana de 
Not, which he later made the basis of his Dtatrype tumtda 
E & E (2) The specimen of these exsicatti is an extreme form 
of the species, with an effused well-developed entostrama It 
does not belong m the genus Diatrype, as it lacks the well- 
developed deciduous ectostroma and widely enimpent entostro- 
matic disc of that genus It furthermore has the stromatic 
development and imperfect stage characteristic of the genus 
Eutypella. It is therefore placed m this genus as Eu^fpella 
turnip (E. & E), comb nov 

The stromata of E tumtda are widely variable (PI XVllI, 
Figures 1, 2). A knowledge of the development of the stroma 
is necessary for an interpretation of these variations. Since this 
species offers excellent material for the study of this type of 
variation, which is common not only m the genus Eutypella, 
but in many other stromatic forms as well, it wdl be worth while 
to go into some detail as to this process. 

The first indication of the origin of a stroma, under natural 
conditions, is the cutting off of areas of the bark cortex by the 
formation of narrow boundmg zones of blackened tissue This 
tissue consists, in this species, of a matted growth of fine fungous 
hyphae with blackened walls, which blacken, and more or less 
fuse with, the enclosed bark cells The position of these dark¬ 
ened zones in the bark defines the final configuration of the en- 
tostromatic area These zones may enclose small areas in which 
a single cluster of penthecia develop, or they may endoee very 
extensive areas including hundreds of penthedal clusters In 
either case the bark areas within the bounding zone are nchly 
interspersed with a hyaline entostromatie mycelium, which gives 
a lighter color to these areas. About the same time that these 
boundmg zones appear, small mats of eetoetromatic mycelium ore 
formed at various pomts within these areas on die surface of the 
bark. Where only a nngle ectostroma, with a single group of 
penthema beneath, develops m such on arra, a true isolated 
stroma results Where more extensive regions of bark tissue are 
enclosed, a number of such eetoetromatic cuihions are pro¬ 
duced, beneath each of which there is usually developed a cluster 
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of penthecia Now in these extended areas, the number and 
proximity of these ectostroinata formed, the nunil>er of penthecia 
anaing lieneath each octostroma, and the amount of ootostroinatic 
mycehum produced in those areas, particularly about the fieri- 
thceia, give rise to the large number of variations m the super¬ 
ficial appearance of the stroma From this t>pc of development, 
it can be seen that the type of confaguiation usually spoken of 
as 'confluent’ stromata is not one in which the stromata become 
confluent by an extension of area, but is really an effused en- 
tostroina within which a numlx^r of ectostnnnatic cushions and 
their associated pcnthecial clusters formed, and may often 
be separately erunipeut 

The asci of this species are clavate and long-stipitate, are 
born in a definite hymenial layer, and measure (p sp) Sl-.'iO x 
5 8/1 l^ho spores are biseriat« in the uscus, allantoid and 
brownish-hyaline, and measure ^13 x 2- 2 5 /z 

Sprays of aseospores from the penthecia on Ulmus twigs 
were made on Decemlier 8, 1923, and were genninating twenty- 
four hours later The spores had swollen gieatly, and measured 
21-24 X 8 /( They had pushed out one or two large germ 
tubes 5 /I m diameter, fn3m which numerous smaller branches, 
2-3 /c in diamet^er, were pnxluced 

On Januaiy 3, 1924, a single aseosporc culture on Loonun’s 
agar (5), from December 9, showed numerous, minute, hemi¬ 
spherical, stromatic bodies on the surface of the agai These 
were exuding orange-colored spore-horns Several similiar fruit 
bodies were also found on a culture on 6 per cent oatmeal agar 
On this medium they were somewhat larger and burwHl in a 
superficial cottony growth of mycehum These stromata were as 
much as 1 mm m diameter and were composed of a mass of 
hy^me hypbae, within uhieh were formedTa numlier of (onidiul 
locules. Tliese locules had rather definite walls of daik-coloied 
hypbae The oonidia were cut off from a peripheral hynienmm 
of filifonn oomdiophores, they were filiform, hamate and hyaline, 
and measured 10-18 5 x 6 /z (Figure 3). The numerous locules 
became confluent at maturity, forming irregular chambers 

On Jatmary 9,1924, a sterile twig of Ubnua aniencana L was 
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inoculated from a single spore culture. Superficial Avlutish 
stromata wore formed upon this twig, and it wiis examined on 
October 7 Conidial stromata were then present, some of which 
were exuding orange-colored spore-horns The growth on 
Ulmus twigs was chiefly octostromatic, and the loculos were 
formed in the strornatic cushions which arose betwee^n the 
peiiderm and the bark These locules weic numerous and 
irregularly confluent They were also found, occasionally, in 
the entostromaiic tiasue of the bark It should bo stated here 
that m culture there is usually an abundant formation of ec- 
tostroinatic tissue, without any formation of darkened zones 
within the bark This indicated, to the writer, that one of the 
reasons for not obtaining penthccial stromata readily in culture 
IB the comparative lack of penetration of the hyphao into the 
deeper bark tissue, because of the greater concentration of mois* 
ture in the surface layers of the bark 

On twigs collected m the field, entostromatic pycnidia typical 
of the genus Eutypclla were found in association with the perfect 
stage These pycnidia consist of numerous labyniithiform locules 
imbedded within the bark tissues, and belong m the form-genus 
Cytosporma The conidia of the pycnidia found in nature, as well 
as those produced on twigs in culture, were identical with tha 
ones formed on agar 

Eutypella FRAXiNicoLA (Cke & Pk) Sacc. 

This species, which was collected on Ulrnw awencana near 
Ann Arbor, Michigan, is similar in appearance and development 
to EtUypetta iumida It differs chiefly m the smaller asci and 
ascospores The entostromatic areas are usually widely effused 
and are somewhat less differentiated than those of E tumida. 
The ectostromata and penthecial clusters are rather widely 
spaced, with the result that there appear to be numerous separ 
mtcly erumpent or * confluent’ stromata within each entostro- 
matio area. These penthecial clusters form circular pustules, 
5-1.5 mm. in diameter, which arc erumpent as a cluster of 
flattened hemispherical, quadnsulcate, black ostioles The 
perithecia are sphencal or laterally flattened, 320-500 x 260-350 
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p The asci are clavate and long-stipitate, and measure (p sp) 
26-31 X 4-5 ju The spoics are biaenate, allantoid, 1-celled and 
brownish-hyaline, and measure 7-9x25 p 

On October 10, 1923, sprays of ascospores were made from 
the material mentioned The spores were seen to swell some¬ 
what, but no germination took place. The Ulmus twigs were 
then placed at 0-3® C until October 29, when they were placed 
in a damp chamber at room temperature, for twenty-four hours 
On October 30 sprays were again made from these twigs, and 
twenty-four hours later germination was well advanced The 
spores had swollen, measuring 13-15 x 4. 6 p, and had thrown 
out germ tubes, 2-3 p m diameter, from both ends of the spore 
A single ascospore culture on 6 per cent oatmeal agar, made 
on November 3, formed a superficial cottony growth of mycelium, 
in which there soon arose numerous minute clumps of blackened 
hyphae This blackening of the hyphae spread over tlic entire 
surface, but no fruit-bodies wc're fonned m Ihe agar cult urea 
Sterile twigs of Ulmus amencana vfore inoculated from a 
single ascus culture on December 1, 1923 On January 1, 1924, 
these twigs showed conidial stromata with oraugiMioIored spore- 
horns These cultures wore placed out of doors for three months, 
and on May 1, 1924, crowded, erumpent stiomata were present, 
beneath which were found perithecial initials In this species, 
as in E, iumtda, no darkened zones were formed withm the bark, 
in the twig cultures, even though penthecial initials were formed 
In culture both the penthecial and comdud stromata were 
initiated by the fonnation of an eotostromatic cushion, which 
usually formed Ix'twi'on the cork cells of the penderm and the 
phelloderm colls beneath When the cultures were moist, this 
tissue increased rapidly and formed erumpent stromata, within 
which oonidial locules were sometimes produced Comdud locules 
were usually formed in masses of eotostromatic mycehum withm 
the bark tissues (I^igure 4) A number of such locules arose with¬ 
in close proxunity of one another, and coalesced to form a labynn- 
thiform chamber. The oonidia were out off from a hymemum of 
filifonn oomdiophores, and were filiform, curved and hyalme, and 
measured lfr-19 x 5p (Figure 7). Such entostnunatic pyomdia, 
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with Bimiliar comdia, were also found associated with the peri* 
theci^ stage m nature 

In tlie case of the ponthecial stroma the ectostroma remains 
sterile The penthecial initals arise as knots of hyphae in the 
surface layers of the bark tissue just beneath tlie ectostromatic 
disc Withm these penthecial initials there can be seen a coil of 
deeply staining 'Woronin hyphae/ some 2 m >n diameter. These 
penthecial initials have not been brought to matunty in culture 

CIbyptovalsa Nitsciou.! Fckl 

Material of this species was collected on Ulmtia amertcana L , 
near Ann Arbor, Michigan The fungus appears on the surface 
of the twig as numerous conical pustules, ^ 6 mm m diameter, 
which are erumpent as minute central discs, composed of 1 to 4 
quadnsulcatc ostioles, which soon crumble to a misshapen mass. 
The entostromatic configuration is similar to that of the two pre¬ 
ceding species The differentiated entostromatic areas are out* 
Imed by a darkened zone which dips to the wood surface There 
may be one or a numlier of penthecial clusters mcluded in such 
an area The penthecia are sphencal, 350-400 ju m diameter, 
have short stout necks, and walls smne 40 m thick The per* 
ithecia occur singly or in small groups of two to four These 
groups are rather widely spaced, foimmg separately erumpent 
pustules In thin bark, or on smaU twigs, the pcntheeia xni^ 
be more or loss unbedded m the wood The aaci are polysporous, 
davate and long-stipitate, they have a thickened conical apex 
and measure (p sp) 80-05 x 13-15 m The spores are allantoid, 
l>«elled and yellow-brown at matunty, and measure 10-16 x 
a-2.6 M 

Thu form agrees with Winter’s (10) descriptum of C Rdben- 
hoTthi Nit Saccardo (7, p 188} considers C RabetUioraiit a 
largewipored fbrm of C. NitscMcet Fckl., and tills has been 
follow^ by Ellu (2) for his American collections. 

On October 10, 1923, sprays oS asoospores from twigs of 
Ulmus were made. These spores did not germinate The 
same twigs were then placed in a eold room at 0-3° C until 
October 29, when they were removed to a damp cham be r at 
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room temperature for twenty-four hours. On October 30, sprays 
were again made, and twenty-four hours later the spores were 
gorminatmg. The spores had swollen greatly, and measured 

20- 30 X 4-5 n They had pushed out a numter of germ tubes 
3-4 n m diameter, from both tho ends and sides of the spores 
Sprays made from the same twigs, but different penthecia, the 
following day, faded to germmate. 

A single ascus culture made on 6 per cent oatmeal agar on 
Apnl 8, 1924, produced a white surface mat of myceluun This 
culture was kept over the summer m a cold room at 0-3” C 
When they were examined on October 8, there were found 
numerotffi minute black flecks withm the surface mat of my¬ 
celium Sections showed that these contained conidial locules 
These locules were spherical to ellipsoidal, and were surrounded 
by a wide sone of heavdy blackened hjrphae, forming a wall- 
like boundary. The conidia were boro on cylmdneal conidio- 
phores, and were filiform, hamate and hyahne, and measured 

21- 40 X 1 M (Figure 8) 

On December 11, 1923, a stonie twig of Ubmu atnertcam L. 
was inoculated from a single ascospore culture Stromata ap¬ 
peared on this twig a few weeks later, and were soon thickly 
scattered over its entire surface These stromata were 5-2 mm 
m diameter, and yellow when they broke through tho pendenn, 
but soon became blackened. No darkened cones were formed m 
the barl^of the twigs m culture These eotostimnata developed 
between the penderm and bark, and often contained one or 
more conidial locules, which soon coalesced to form a laby- 
rmthiform chamber. There wa^ often a rich development of 
entostromatic mycelium m the surface bark layers bedow these 
eotostromata. These two adjacent mycelial developments fonned 
a homogeneous tissue, so that the eetostromti often seemed par¬ 
tially imbedded within the bark. The conidial locules wore 
often partially imbedded in thu entoslxomatio tissue (Figure 5) 
The oouidia were fonned on short eyhndrical comdiophores, 
and ware l-celled, hyaline, long-fihfonn and strongly curved or 
hamate, and measured 26-M X 1 Only a very few penthecul 
initials were seen on the twigs in culture. In nature small 
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patches of octostroma arc formed here and there over the suiface 
of the entoBtromatic bark areas, but the penthecia do not always 
develop l:)encath these ectostromata The pt»rithecial necks 
themselves often push open the periderm Tins, again, indi¬ 
cates that, although the penthecial clusters are separately 
erumpent, we are dealing here with an effused entostroma in 
which the pcnthecia have not as yet become dehiiitoly onented 
beneath the ectostromata 

CUYPTOVALSA SP 

The species here considered is veiy similar to C Nttsekket m 
structure, and was also collected on twigs of Ulmvs amencana L 
near Ann Arbor, Michigan It diffeis from C Nitschkei chiefly 
in the narrower asci and smaller ascosporcs The stromata 
appear on the surface as scattered or confluent circular pustules, 
mm. in diameter The entostroma is effused, as in C 
Nitschkei, containing a number of penthecial clusters The 
penthecia are sphencal, 2 to 10 in a group and 300-400 ^ in 
diameter The asci are polysporous and longnstipitate and 
measure (p sp) 106 X 8-10 The spores ore crowded, allan¬ 
toid, yellowish-hyaline, and measure 6-8 x 1 5 

On October 10, 1923, sprays of ascospores were made from 
suspensions both m distilled water, and m Leonian’s nutrient 
solution (5) Germination took place veiy slowly ^fhe same 
twigs were then placed m a cold room until October 29, when they 
were removed for one day to a damp chamber at room Ifonipora- 
ture. On October 30, sprays wore agam made, and twenty-four 
hours later germination had begun. The spores had swollen 
greatly, being 16 x 4 /i, and had pushed out one or two germ 
tubes, 3-4 M in diameter, from each end. A single ascospore cul¬ 
ture on 6 per cent oatmeal agar produced a matted surface 
growth of mycelium, but no fruit-bodies 

On Novemlier 15, a stenle twig of Acer saccharum Mardi was 
inoculated from a single ascus culture. Numerous, erumpent, 
hetnispherioal stromata, .1-1 mm. in diameter, were formed upon 
this twig These stromata were usually found m confluent 
hues, on aooount of the configuration of the bark They were 
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white and did not show the jollowish coloration noted in C 
Nttschkn These stromata were eetostromatic and formed on 
the bark surface or somewliat sunken m the surface bark layers 
Labynnthiform conidial locules were formed within this tissue 
Large numbers of conidia almost identical with those of C 
Nitachkei were fonned in these locules and were emitted os 
yellowish- to orango-eolorcd spore-homs They were filiform, 
strongly curved and hyaline, and measured 26-40 X 1 No 
darkened zone was fonned m the bark, m culture A few very 
young pcritlvecial primordia were seen beneath some of the 
sterile ectostromata 

Diatbypklla QUEHOiNA (Pebs ) NiT f Crataegi 

This species was collected on Craiaegus ap near Ann Arbor, 
Michigan These specimens agree jicrfectly with Klhs, N A F, 
2d Ser, No 2747 of DtatrypcUa qturema (Pens) Nit fonna 
Crataegi The specimens of those cxsicatti contain old stromata 
which are black, and do not show the yellow-green coloration 
of the young stromata 

The stromata are usually thickly scattered over the twig, are 
eonical-pustulate and erumpent through a lateral split m the 
penderm, they appear as small clusters of black, hemispherical, 
Bulcate ostioles The eetostromatic disc, when young, is a 
yollowish-greon, but becomes blackened m age The slightly 
diiTerentiated entostromatic areas are outlined by a blackened 
Bone, and are usually effused, enclosing several pcnthecial 
clusters The asci are polysporous, clavate and long-stipitatc, 
and measuro (p sp) 100-110x9-12 n, and have a thickened 
apical wall. The spores are allantoid, 1-oelled and brownish- 
hyaline, and measure 8-10 (12) x 2-2 5 /t 

Sprays of ascospores from Crataegus .twigs were made on 
October 15, 1923. No germination took place The addition of a 
nutrient solution to the spore suspension and removal to a 
cold room failed to stimulate germination. The twigs were then 
placed at 0-3° C. until November 2, when they were put m a 
damp chamber at room temperature On November 9 sprays 
were agwn made Twenty-four bouts later the spores h^ 
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swollen to a size of 18”19 x 4-5 ft, and were pushing out 2-3 
germ tuVx>s 3-4 fi in diameter 

Single ascus cultures on 6 per cent oatmeal agar fonned no 
fruit-bodios, but merely produced a superficial greyish mycelium 
and blackened the surface of the agar 

Inoculations on stenle twigs of Crataegus ep, from single 
ascus cultures, were made on January 3, 1924 About February 
5 these cultures began to show superficial stromata, 2 8 mm 
in diameter, which soon appeared thickly scattered over the 
twig surfaces 

In culture the growth was cliiefly ectostromatic, and no 
darkened zone was produced m the bark The stromata were 
mitiatcd here, as in many other forms, as a mat of ectostromatic 
hyphac just beneath the periderm This tissue, m this species, 
18 a bright yellow-green and grows upward as a cone of parallel 
hyphac, which bursts open the penderm, and forms the erum- 
pent disc When well developed, this yellow-green stroma takes 
on a spherical shape, and is seen to be rather deeply imbedded 
in the surface bark tissues No penthecial imtials were seen m 
culture, but on twigs colleotid m the field such mitiaJs wore 
found developing both beneath and within such well-developed 
stromata (Figure 9). In the latter case the penthecia are 
apparently developing within the ectostroma. The mteriHcta- 
tion depends upon the development of this tissue withm the 
bark The sbajp outline and purely fungous character of the 
tissue point to a more or less mechamoal mvasion of the bark 
tissues by the ectostroma The entostreona is often nchly 
developed about the penthecia, however, and these imbedded 
stromata may arise by an alisorption cS. the bark cells and a fu¬ 
sion of those ectostromatic and cntostromatic tissues, as noted m 
Cryptovedsa NUachkei. In this ease the penthecia would have an 
entostromatio ongm. 

The imperfeot stage, in culture, was formed as an irregular 
looule in tto ectostroma, often in the erumpent superficial part 
of this tissue Such locules were found occasionally in the surface 
bark layers also (Figure 10) These locules were Imed with a 
faymenitun of filifona hyabne comdiophores, measuring 3&-40 X 
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1 5~2 ft. The oomdia were l<oeIled, filifonn, hyaline a>ad hamate 
or curved, and measured 30-45 xl ft (Figure 12). 

Diatbypella favacea (Fb) Nit 

This species was collected on various hosts frcan different 
localities, including material on Alnua tenui^cha Nutt, from 
Copeland, Idaho, on Betula pumila L and Pmnits sp from 
Ann Arbor, Michigan, on Behtla luiea Michx from Ann Arbor 
and from the Catskill Mts, N Y The stromata are usually 
thickly scattered over large areas, they are hemisidiencal to 
laterally elongated and pustulate, they measure 2-5 x 1 5-2 5 
nun, and are 1-1 5 mm in height They are enimpent through 
the closely adherent epidermis as a whitish pulverulent, circular 
to fuaoid disc, containing 4-12 depressed, hemispherical, quad- 
risiiloate ostioles The stromata in this species are of the 
isolated type, the darkened zone, which penetrates to the wood, 
encloses a light-colored entostromatic area, which contains only 
one cluster of perithocia The penthecia are large, sphmeal or 
irregular in shape, they have walls 20-25 ft m thickness and 
measure 800-1100x400-800 ft Hie asci are polysporous, 
clavate, often variously swollen and long-stipitate, they have a 
long, thickened, blunt, conical apex, and measure (p sp) 78- 
106 X 8-15 ft The spores, which are variously distributed m 
the ascus, are allantoid, s^llowish-hyalino and 1-celled, and 
measure 5-6 5 x 1-15 ^ 

There is some variation in this species on different hosts 
On Alnus, Pranus and Beiula putmla the stromata are circular 
m outhne, while on BetvJa lutea they are larger and laterally 
elongated This is probably on account of the configuration of the 
host bark, however On Alnus the asci measured 79^ x 13 15 ft, 
on BetuJa purntUt, 70-02 x 9-10 ft, and on B^tUa lutea, 92-106 x 
8-18 ft The asci swell greatly at maturity, however, often form¬ 
ing lateral protrusions, and the spores may be vanoudy distnb- 
ttted, either crowded in the tip, or extending far mto the stipe, 
so that measurements (p sp) may vary a great deal 

Sprays kA asoospores of this species, from two different 
sourooB, were made on Match 1,1923. The first was frtmi twigs 
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of Alnufi tenmfoha from Idaho, and the second from twigs of 
Betula jmmUa, from Ann Arbor, Michigan The growth m 
both cases was identical The spores of the Idaho specimen 
germinated slowly, and pushed out a single germ tube from 
each end of the spore, but only after four days in sterile dis¬ 
tilled water The spores of the Ann Arbor specimen germinated 
within forty-eight hours and fonned 3-4 germ tubes from the 
sides and ends of the sporo This difienmcc m germination 
may be accounted for by the fact that the Idaho material had 
been thoroughly dried out, while that fnnn Ann Arbor was 
fresh from the held. 

On 6 per cent oatmeal agar both strains gave an even, white, 
superficial, cottony growth No fruit-bodies were obtained m 
agar cultures 

On May 28 transfers from single ascus cultures were made to 
sterile twigs of Betula alba L, which were kept at 0-3“ C 
When returned to room temperature, on September 18, these 
twigs had developed a superficial cottony growth, and aftesr a 
few weeks at room temperature there appeared hemispherical 
mycelial masses, which took on an orange tint In these first 
cultures the growth was mostly superficial, and the stromata 
originated within the penderm The mycehum grow between 
the layers of the penderm cells and disrupted this tissue, fomung 
dome-shaped masses Conidial formation then took place withm 
this mass of hyphae, and continued until the entire tissue was 
used up m spore formation There then remained only an 
orange-colored mass of conidia, m which there were imb^ded 
the remnants of the peridenn colls The conidia were long fih- 
fonu, 1-oelled and strongly curved, and measured 18-40 x 1-15 M 
(Figure 11} No dark zone was formed within the bark of those 
twigs Brofeld (1) obtamed oushion-likc stromata of D faoaeea 
in culture, but faded to obtain comdia The Tulasnes (8) 
give the comdia of this species as cinwed and 40 m m length 
Filisting (3) mentions a second l^pe of comdia for tins species, 
which ho gives as being 1-ceiled, hyalme and allantoid, and 
measuring 4-0 x 1 M* writer has seen no such comdia m 
any oS his cultures. 

A later culture of the Ann Arbor stram on Belula alba pro- 
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duoed more normal stromata In this cose differentiated ento- 
Btromatio areas with a darkened mai^paud zone were formed 
Examinations of these stromata, as wdl as young sinnnata 
from the held, showed that the ectostroma and entostroma are 
not distinctly differentiated m this species The ectostroma 
ongmates as a small mat of hyphac on the bark surface, which 
sends hyphae upwards between the pendeim layers and sepa¬ 
rates the cells of this tissue This tissue withm the penderm is 
veiy strongly develojied m culture (Figure 6). Bodi FOisting (3) 
and Ruhland (6) have noted this characteristic weak develop¬ 
ment of the ectostroma, and its penetration of the periderm, 
in this species At the same tune that this ectostromatic de¬ 
velopment takes place, there is a neh proliferation of ento- 
stromatic hyphae within the surface bark la3rers. These two 
tissues often become so closely associated that it is difficult to 
distinguish them Tins strong development of the entostroma 
pushes up the penderm and ruptures it at the pomt weakened 
by the ectostromatic hyphac Where comdial locules arise in 
nature, they are formed m the ectostroma or in the well-devel¬ 
oped entostroma of tlie surface bark layers No penthecial 
initials were found in culture, but in nature these develop 
within the ontostromatic tissue 

CONCLUSIONS 

Superficially, the stromata of the genera Cryptovalsa, Dia- 
trypella, Eutypella, and also Diatrype, are very similar in 
appearance A study of the development of the species of 
those genera, however, reveals eertam mmor differences, which 
seem to be constant for each genus. 

The genus Diatrype, as shown by the work of Fthstmg (3) 
and the writer (9) on Dtairype stigma (Heff.) de Not, a^ of 
Ruhland (6) on D diacifomts (Hoff) Fr, is obaractenzed by a 
well-developed deciduous ectostroma, which throws off the 
periderm from the entire surface of the equally well-developed 
entostroma, which m turn forais the enimpent disc of the mature 
stroma The imperfect fruit-bodies of tills genus are entirely 
octostromatio and consist of more or leas open cavities withm 
such a stroma. 
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Both Ftdsting (3) and Ruhland (6) pointed oat that the 
more oomcal and less widely erumpent type of stroma, which 
differentiates most species of Diatiypdla from those of Diatrype, 
IS caused by the poorly developed ectostrmna of Uic forma 
genus In each of the four polysporous species herem considered, 
we have noted the slight development of the ectostrumatic 
tissue, which is usually closely ai^ociated with, and often hardly 
distinct from, a well-developed entostromatic mycelium within 
the surface bark layers In culture there » a tendency towards 
a greater development of the eetostromatio tissue As a result 
of this strongly developed entostroma m the surface bark layers, 
the pycmdial locules often develop partially within the bark 
tissues. This t 3 rpe of structure is correlated with the polyspor^ 
ous condition of the asci and is mtermediate between those 
found in the genera Diatrype and Eutypella. The differences 
between Diatrypella and Cryptovalsa are merely differences of 
degree, the stromata of Cryptovalsa being more effused m 
character and less strongly developed llie distmction between 
the two genera is therefore purely arbitrary 

The stromata of the genus Eutjrpella may bo cither effused, as 
m the two species herein considered, or it may lie isolated, as m 
the case with E eervunUata (Fr) Saoc, the development of which 
IS described in a forthcommg paper (9) The octosiroma in this 
genus IS not very strongly develi^ed, but is usually sharply 
differentiated Although comdud locales are sometimes formed 
m the ectostroma, the imperfeet stage of this genus usually 
consists of numerous separate locules or a smglo labyrmthifoim 
locule produced withm the entostromatic tissues m the bark 
cortex, and belongs in the form genus CytoEponna 

Since each of the three groups just discussed shows a series 
of species exhibiting all variations from an effused to ui isolated 
type of stroma, and amce, at the same time, each group diows 
characteristic minor variations m <fevelopment, these groups 
represent to the writet three separate and parallel lines of 
stromatic development. 

UmvittanT or Miobioan 
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EXPLANATION OF PLATE XVIII 

Fios. 1, 2 VAruktions m tlio oonligurntifm of the penthecial etroma of 
Bu^TpoUa tuniidA (E & K), oomb nov 
U Vertical oeotion showing an effuse, strongly developed and pustu¬ 
late entostroma with irregularly scatter!^ peiithcm, citiier singly 
or coUeoUvety enimpent 

2. VertiUMd seetioti showing effuse entostroma, but not so strong 
developed, and with the pentheoia m sm^ clusters, which are 
separately pustulate, the iienthena of each cluster ooll^tively 
orumpeot Itougb a separate eotostroiua* 

Fiq 3 Conidia of Eutpp^ tumula (x 2000} 

Fio 4 Vertical seotton of coiudial locuh* of Kutypdla frariDtrola (Cke d; 
Pk) Saoc, from culture, showing the ovorarchmg layer cntitauung the 
remains of bark cells, which indicates the entoatromatic character of 
this looule 

Fiq. 5 Vertical section of eonidial looule of CryptoiHd 9 a NtUcfilet Fckl, 
from culture, showing the formation of the looule partially within the 
eetostrbmatic cap above, and partially withm the entostromatio tissues 
of tibb bark lidlow 

Fio 3* Vmiicfll section of young stroma DuUrypdla fanacea (Fr) Nit», 
from culture, showing a dark matgmal hue circumscribing an isolated 
entostromatic area (note that the darkened sone does not penetrate the 
stone cell ama) The cctostromatic mycehum » here fomuid ahnost 
entirely withm the heavy pendenn 

Fig. 7 Oonidia of Buippefla frmnicda (x 2000) 

Fla 8 Conidia of Crypkmlm NUsekket (x 2000) 

Fig. 0 Vertical section of two confluent stromata of DiatryjMa fuerema 

' (Pars) Nit f. £. 4; E The maigmal sone is him ratto faint 

and indistinct The perithecia, m some cases, apparontiy oriBhate to 
the in>per eetostramatic oap, and are often surnnmded by this tissue at 
matunty. 

Fig. 10 Vertical section of oosudial locule of Dtairypdla querctna forma 
cnOaegt, from culture. The locale is, here again formed partially withm 
the ectostroma and partially within the entostron^ The remains of the 
bark cells can be seen at the sides of the locule, but the apieal cap la 
entlipely ectostrcxpatio 

Fiq. U. Oomdia of Ikatrifpdla favacea (x 2000) 

Fig, 12. Ckmidia of XhofrppeUo gt(wrema t 



PLATK X\1II 




MORPHOLOGY OF THE SEED IN 
CLAY TONI A VIEGINICA 

E F W00DC30CK 

STUDY of the morphology of the seed in the cloedy related 
^ families Folygonaceae and Phytolaocaceae was made by the 
''wnter (4,5) to detemune if the embiyo m the mature seed of these 
fanubes was, as suggested by Johnson (2, 3), separated from the 
pensperm by a digestive endosperm Johnson found such a 
layer present m the seeds of Piperaeeae which served to digest 
and pass food to the embryo 

The endosperm was found to occupy the entire storage region 
in the mature seed of Folygonaceae and the inily evidence ci 
endosperm in Phytolaccaceae was a cf^i of tangentially compressed 
cells fitting over the hypocotyl end of the embryo lliere was no 
evidence of the cap of cells just mentioned serving as a digestive 
structure, as suggested by Johnson. The writer was also unable 
to observe any cell contents m the form of fat and aleunm in tiie 
endosperm of Phytolaccaceae as stated by Bars (1). 

Tte rather marked difference m the endoqienn development 
m Folygonaceae and Phytolaooaeeae from that suggest^ by 
Johnson caused the writer to make a study of the conditions m a 
npreeeniative the closely related family Fortulacaoeae. 

BBsosumoN AND mscnsaioM or thb uobtsinoot or tbb obbd 

The speoies Claytonia inrgtnka L. was uAd for study. The 
various stages of seed development were aeotioned with the mi- 
etotmoe and stained with Delafirid*s Haematoxylm. 

The laterally omnpressed ovules are amiffntropoua, roundish 
and ladnejHdiAped (Pl> XIX, ftg. 1). Hw onlnyo sac is a hmg 
narrow curved structure, oeeupying a central porition and toe- 
tending about four fifths dhi^moe around the ovule. The 
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embryo sac is separated from the integuments four or five 
layers of nuccllus cells The inner integument is made up of two 
layers of flattened cells, while the cells of the two layers of the 
outer integument are laigcr but somcw'hat similar ui shape 

The fertilized egg by nuclear and cell division gives nsc to a 
filament of three cells (Fig 1) The two cells nearest to tiie mi- 
cropylr, by further growth, develop the suspensor while the re¬ 
maining cell gives nse to the embryo The cell of the suspensor 
nearest to the micropyle is about four times the length of the 
other cell and much vacuolated The embryo sac at this time is 
lined with a layer of cytoplasm m which are imbedded numerous 
endosperm nuclei 

By the tunc the embryo has reached the stage shown m 
Figure 2 marked changes have taken place m the siu^nsor The 
cell nearest the micropyle has become much broader m the re¬ 
gion nevt to the embryo while the other suspensor cell is only 
about half as wide and has undergone several cross divisions (Fig 
3) The broadened part of the large suspensor cell is occupied by 
a large vacuole The cell changes m the embryo have proceeded 
much as in the typical Bursa embryo At this stage of develop¬ 
ment (Fig 2), a striking difference is evident m the shape of the 
cells which make up the outer integument, especially m the re¬ 
gion near the chalaza The outer row of integument cells (Fig 
6) has become stretched to such an extent that m many eases 
alternate radial walls have broken loose from then* pomt cf at¬ 
tachment to the outer wall of the cell, thus forming large cells 
whose outer wall is dome-shaped These changes m the odls 
become less marked in the micropylar r^on of the mtegument. 
The large mtegument cells become densely filled with a granular 
material, the composition of which the wnter did not dotennme 

It 18 important to note that in the stage of seed development 
just described (Fig 2), there is evidence of stmrage material m 
the nucollus cells in the form of large, sphenoal, compound 
starch grams, of various sizes and closely packed together (Figs 
4 and 5) 

Those cells making up the hook-Ukc portion of nuceUus which 
18 partly encircled by the embryo sac oontam the starch grains. 
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The chalazal rqjion of the nucellus and the region between the 
embryo sac and the integuments show no starch grams present 

As development proceeds the suspensor becomes shrivelled 
and appears only as a few cell remains At the stage shown in 
Plate XX, Figure 7, the cotyledons of the embiyo have become 
quite well developed and somewhat spread apart, no plumule 
being evident at their base No cell formation has appeared in 
the endosperm, but the number of nuclei has increased to a 
marked extent, especially in the micropylar portion of the sac 
The nucellus between the embryo sac and the integuments has 
become much compressed and there is still no evidence of starch 
grains in this region The cells of the remaining portion of the 
nucellus now apficar to be filled to capacity with starch grains. 

No very marked changes take place m the nucellus dunng the 
further growth of the seed except that the tissue between the 
embryo sac and integuments becomes reduced to compressed 
cell remains The embryo by further growth comes to occupy 
most of the embryo sac and to extend almost the entire distance 
around the ponphery of the seed In the mature condition 
shown m Figures 8 and 9 some very interesting changes from the 
early stages of development are evident The embiyo is now 
completely surrounded by a layer of cellular endosperm whose 
cell walls are distorted and whose cell contents consist of disorgan¬ 
ized protoplasm Perhaps Johnson had m mind such a layer of 
endosperm when he made for Polygonaceae and Phytolaccaceac 
the sugge^stion cited earher m this paper, but the cells which 
make up the layer m Claytonia have none of the characteristics 
of typical digestive colls About imo thirds of the embryo consist 
of hypocotyl, so that as a result the cotyledons are rather short, 
and in cross-section (Fig 9) they are nearly semicircular The 
flat surfaces of the cotyledons are almost in /contact and instead 
of being parallel with the flat surface of the seed they he at 
a slight angle as shown in the Figure The mature seeds are 
hrownish-blaok and somewhat shiny Thu outer walls of the cells 
of the outer integument have now become very much thickened 
(Fig 11) and m surface view appear to have mosaic-like mark¬ 
ings (Fig 10), due to the irregularity of the wall thickemng. The 
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mature seed also shows a deep mdentation in the chalazal region 
and the remains of the shrivelled fumculus 

SXntfMARY AND CONCLUBION 

The ovule is a somewhat flattened amphitropous structure, 
the embryo occupymg a curved central position m the nucellus 
The endosperm ^comes cellular at a late stage in seed develop¬ 
ment, and 18 evident only as a layer of distorted cells in the ma¬ 
ture seed. The early stages of embryo development are quite 
similar to Bursa, except for the appearance of a large vacuoled 
coll constituting the micropylar end of the suspenaor Early in 
the development of the seed the colls of the nucellus become filled 
with compound starch grams, so that as a result the storage re¬ 
gion consists of a starchy pensperm 

The absence of the digestive layer of endosperm, which John¬ 
son found in Rperaoeae, would place Portulacaceoe in the same 
group as Polygonaoeae and Phytolaccaceae with respect to the 
suggestion made by Johnson, wkch was mentioned earlier m this 
‘ paper. 

Michioan Stats CouJiofl 
East Lansinq, Michigan 
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DESCRIPTION OF PLATES 

All figures drewn from madmn longitudinal seotkma out paiidlel to fiat 
surface of seed, exempt Figure 0, which is out at rtid^t angles to fiat surface* 
Ttie following abbre^tiona are used £» embryo, £S, emluyo sac; S, sue- 
pensor, P, pectsgMnn; T, tests, Id, nuoropylc, F, fmuoulus, N, nuocUus; 
EN« cndoi^ierm, C, cotyleduQs; 01, outer mtogument, INI, inner mteg- 
ument; 1N8, lategaments, H, hypocotyl. 

PLATE XIX 

Fta 1 Young ovule, showing amphitropous form, embryo sac, embtyo in 
one-oeli sta^, sad endosperm in free nuclear condition (x 207) 

Fto* 2 Shgjitly older stagB, sfaowmg an Increase In the sue of tiie exdbryo 
sac and the numbiw of endosperm nuehd, and the sphenoid embtyo with 
its bag suspensor (x 76) 

Fko 3 Young embiyo and suspensor showing detail of oell structure 
(X207) 

Fta 4 One oell from tmcellua of ovule shown m Figure 2 Large coip- 
pound starch grams fill the cell (x 430) 

Fio* 6 Smgic compound starch grain (x 7720) 

Fra* 6 Outer integument m chslasat ref^ at the stage shown m Figure 2 
(xa07)* 

PLATE XX 

Fio 7 Stage of seed development in sdiiofa tire cotyledons are very md* 
dent Ebdoaperm aUU b the free xuiolaar^ooii#tl^ 

Fxa S. Mature seed, showing tiie endoqfsenn aumnrading tiie emheyti 
(X40). 

Fto. t* Longitudinal seetbn of mature seed cut at nght angba to the flat 
•urfsoe, showing shape cd hypoodityl and ooMadttns <x 40). 

Fia 19* Surfaoe view of outer intogumQ&tnell b mature seed (x 207). 

Fto. IL Oroasgeetion of edl shown in Figare 10 (X 207)* 
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AN ECOLOGICAL STUDY OF SMITH’S 
BOG, CHEBOYGAN COUNTY, 
MICHIGAN 

EDITH WOOLLETT, DORIS DEAN AND HELEN COBURN* 

CMITH’S BOO (see Map I and Plate XXI) is a small peat bog 
<m the line between Burt and Munro townships, Cheboygan 
County, Michigan It is an excellent example of a Carat hmo- 
corpa stage in bog development, the Carat Imoearpa mat oover- 
tag an area of over 23,000 sqmue meters. Near the center is a 
very small, shallow, open pond approximately 30 meters wide and 
twice as long. The greatest depth to the fate bottmn is less than 
a meter The pond and the suiroundmg mat are decidedly acid.* 
The pond nanows to a channel which contmues to the far south* 
em end of the bog where it disappears mto a small lowland forest 
There is no perceptible inlet or outlet to the bog, so that any 
drainage is probably due to seepage. The open water of the pond 
is being invaded by the Castidia-Nymphaea association, follow* 
ed by tile EHeochans association. 

Temperature readings were taluai at different depths, the re* 
flulta of whiflfa are expressed in the following table 

TaupaxArnaa or TSa Mat at VAaiotta Danns 
Bifai (Me om) a B 

Airatnirfaw , . 10 78*0 »78*0 

Soil at 0 cm. ,. . . 10 70 


* Ccatribution from the Bitiogiaal Sutsm of the U&ivemty of Miohi- 

r Doeli Dean wap primarily meponatble for tiM^Bap, Helen Cobum for 
peat MSdiagB, and Edith Woollett for tlw aenaral ee^ogical deeonption, 
altham^ Ite iu«e authors am jomtly leqmiaiMe for the whole p^ier 
Iw watk at Smith's Bog was done undsr the duaetiim and superrisioo 
«f Pr e fe m ut P. C. Oates at Douidas Lake, Miridgan, dunng the summer 
of lOSl 

* HsSiitegs taken on the mat and fa the water by Dr. Mmna Jewell 
and Hksriti Btotn m the summer of 1024 show pH 4.2 to 4 3 
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Site 

A 

B 

Soil at 10 cm 


17 66 

Soil at 20 cm 

15 10 

16 85 

Soil at 40 cm 

12 06 

14 05 

Soil at 00 cm 

12 00 

12 60 

Soil at 80 cm 

12 00 

10 70 

Boil at 100 cm 


0 00 


These results indicate little or no interchange of water in the 
mat. 

Surrounding the pond is the Carex laatoearpa mat which in 
most places is fairly dry Where there is considerable water, the 
mat 18 still of a quaking character It is essentially level with 
practically no hummocks or depressions 

In 1911 the pond in the center of the bog was four timiw its 
present sise, but during succeeding years, after the burning oS the 
surrounding woods, it has decreased m sise because of the n^nd 
growth of Carex lasiocarpa. 

In 1916 part of the mat became grounded. Dunng the hiid* 
water after 1917 some of the mat was rapidly mvaded by the 
high-bog shrub association represented espoi^y by Sabx Ped/uel- 
lane. Chamaedaphno and Nemopanthus bad been present at the 
edge, but fire in 1916 practically eliminated thm. The few 
patches that were left are spreading and new ones are appearing 
and developing rapidly Ihe Salix consocies together with the 
Chamaedaphne association is very well represented at the nortih- 
em end of the bog 

Originally the upland area surrounding the present bog was 
heavily wooded with a mixed pme and hardwood growth. At 
the southern end, where the present lowland bog finest is found, 
there was a depression. Here the mixed pine-hardwood growth 
contained Thuja. Fire and lumbenng changed the of 

the upland area, since until 1914 a dense mixed aspen growth 
with trees 6 to 8 meters in height, and bom 36 to 40 yeaia old, 
was replacing the onginal forest, except at the soufhnn end. 
Here the pine and Thuja were beug reidaoed by a lowland forest 
type. 

In 1914 fire oocuned in this aspen growth, and in 1910 a severe 
fire burned into the bog. The fire of 1916 burned mto the farest 
at the southern end of the bog without entirely destroying ft. At 
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present, surrounded by mixed aspens, are found Fraztnus mgra^ 
Alnus tncana and other lowland species No traces of Thuja Bxe 
now to be found in the bog 

The vegetation of Smith’s Bog may be divided according to 
habitat into tlio following natural divisions 

A Opkn Wax®b 

1 CastaluirN'ymphaea asBociation 

2 Eloochans association (around margin) 

B Mat 

1 Carez laaioearpa association 

2 Ins association 

3 Chamaedaphne association 

G Hioh Bhrobs 

1 Nemopanthus consocies of the high-bog shrub assooiatioD 

2 Alnus consoraes 

3 Sahx pedtcdlana oonsocies 

D Lowland Forest 

1 itVaxiuus oonsocies of the Lowland Forest association 

The pond in the center of the bog contains very little open 
water in comparison to the sise of the mat The ehtne-iiae is 
very broken The false bottom is abnost 40 cm. below the sur¬ 
face of the pond 

Hie number of plant species found m the water is veiy small. 
The floating aquatics are represented by the Castalia-Nyn^ihaea 
association Nymphaea admna is the representative of the asso¬ 
ciation and 18 found growing in the open water as well as in its 
typical habitat fairly close to the edge Formerly the Nymphaea 
grew attached to the Carex lasioearpa mat with its leaves floatmg 
in the water beyond the edge oi the mat As the mot became 
grounded and the water-level lower, NymjAaea estabUdied itself 
m the open water and at present seems to be inereating in abun¬ 
dance. 

On the mat wh«re there are still small sections of open water 
is the Eleochans association, dominated by Eleoehana aemamta 
and Eleoeham pahutna There is very little Sevrpua oirse^Mfus 
found along the eastern side of the lake, and, on tlie idide, 
the Eleocharis association is bemg mvaded by the Carex saat. 
Eleochans itself is, however, still well represented on tim saat, 
especially on the south side of the fence, crossing the bog fat fine 
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with StationB 2 and 8 (see Map). It is found growing in jagged 
patches around the pond At the edge of the water on the oast 
Bide of the pond there is practically a pure stand of Eleochans 
covering a small area Here it is gradually invading the open 
water as the pond becomes drier, and m turn is being mvaded by 
the Carex. 

The Carex lastocarpa association is the extensive association of 
the bog. In some places Carex Umocarpa foitns pure stands cov¬ 
ering many square meters, and m other places Dvltthinvm orun- 
dtnaceum is the only other representative of the association found 
with the Carex 

One thousand and fifty contiguous quadrats, one square meter 
in size, located defimtely (see Map), wore taken on the Carex 
kuioearpa mat' The species in these quadrats numbered twenty- 
one, of which the following were most nehly represented (the 
numbers following being the frequency indices) Carex lasio- 
carpa, 100, Didtchium arundtnaoeum, 37 1, Eleoduirts paltuirts, 
36 2; Eleodmns aeurmnaia, 19 7, Juncm canadensts, 129, and 
Carex enmta, 8 9 The total flora on the mat, regardless of 
quadrat hnes, numbered twenty-nine The average number of 
species per meter quadrat for the whole mat was 2 65, which 
shows a very small percentage of plant species 

Peat re^ings taken on the mat at mtervals of about 152* 
meters (60 feet) on the established quadrat hnes mdicate the 
depidi to sand over much of the bog as between 50 and 100 cm 

The peat obtained m 1924 consisted largely of deoajnng vege¬ 
table matter from the mat and was sirft m character There was 
no blue clay or marl present. This is different from the results 
obtained at Mud Lake Bog,* Cheboygan County, Michigan, 
where the peat-borer mdicated blue clay m abundance. 

The thin triangular leaves of Carex buwHerpa extend from the 
mat, which rises and falls with the wato* There is an average of 

* Thfiss data ate used by the authors in a paper entiOed “Application 
of Oleason’s formula to a Carex laatooarpa Asaocnation, an Aasooiation of Few 
apeoies,” MaO. Tarr B<4 CM), S2 (1926) 26-25 

' Inuhe doe, SSaie Enokson and Edith Woollett, "An Eooloipcal Study 
of Mud Lake Bog, Cheboygan County, Midiigan ” Papon ef the Muhxgan 
Aeademy cf Arte and LtUtre, 4 (Fart 1) 207-310 
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488 culms to the square meter Gradually the accumulation of 
leaves and the branched root system form mats which are hard to 
break, providing an excellent place for other plants to grow 
After a Carex lamocarpa mat has become fairly solid, other sedges 
and glasses and a few other plants become established. Canx 
enntta, Carex ntneta and Carex stmlia are found on the mat with 
Carex laetocarpa and, especially where the Carex is rather sparse, 
Dultchvum arvndinaceutn is very abundant Potamogeton heUm^ 
phyUus, found m such places, is a relict of the Potamogeton asso¬ 
ciation 

There are a very few logs near the edge of the Carex kunoearpa 
mat They help to establish plant life upon it In several places 
Chamaedaphne calyculata has become well established by growing 
out along logs This is especially true of clumps on the I'ast side 
of the bog The hre in 1916 destroyed the C'hamaedaphne omn- 
pletely around much of the edge It is because of this that it is 
not more plentiful On the northeastern side of the bog, how¬ 
ever, it IS now rapidly gaming ground 

The Carex laswcarpa mat as a whole is gradually becoming 
drier and drier, for in all but a few places it has become well 
grounded Particularly between Stations I and 14, and 1 and 2, 
plants oharactenstic of the Ins association arc found Ins verm- 
color, Dryoptcria thelyptervi, PotenttUa palustne and Lymmadiia 
terreatne are abundant 7m verstoohr is found in clumps, eqw- 
cially between Stations 1 and 14 at the edge of the bog. Poten- 
hUa palustne is found more or less scattered throughout tiiemat 
Dryopteris is found at the veiy edge of the mat and is not vaiy 
abundant 

Typka lahfolta as an invader is luesent at the southern end 
the bog where it » invading the Carex It has establuhed ttoeif 
fairly well. 

At the northern and northeastern sides of the bog the Ins 
association is missing and Chamaedaphne, Sahx pedteeUam and 
Nemopanthus are found Behind them is a ratiier thick growth 
of aspens 

The whole bog is open and the plants are exposed to wind, 
hght and boat. The only shade is that afforded ocoasioiially by 
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the few clumps of Salix or Chamaedaphne The water-supply, 
althougli abundant, is acid and therefore the whole vegetation is 
of a xeromorphic character 

The Sabx pedtcellana consocies is dominant, especially at the 
northeastern and southern ends of the bog where it grades into 
the lowland lx>g forest Saltx pedtcellans is the dominant species 
It grows in with the Chamaedaphne and is gradually estabhshing 
itself well onto the mat 

In the small area of lowland forest at the southern end of the 
bog Fraxinm mgra is a conspicuous tree Many of the trees 
have swollen bases, which may lie due to the stagnant conditions, 
although a cross-section shows no difference in structure between 
the swollen trunk and any other part- of the troe^ The trunks 
average 22 1 cm m diameter and the swollen |K)rtious about 37 I 
cm 

Alnm incana and Acer ndmm are also abundant Seedlings 
of Ulmus muncam make up the* bulk of the sparse ground cover 
The forest m extending out into the bog by its invasion of the 
high-bog shrub association 


SUWMAHY 

1 Smith’s Bog in (^heboygan County, Michigan, is an excel¬ 
lent example of a Carex tantocarpa stage m bog development, the 
Carex covering an area of over 23,000 square meters 

2. Since the very low water of 1921 a small pond in the cen¬ 
ter is gradually diminishing m size The false bottom is about 40 
cm below the surface of the water, sand occurs at a depth of 
one meter 

3 Peat readings taken indicate no blue clay or marl present 

4 The pond is being mvaded by the Eleocharis and ("arex 
aesociations 

5 The Carex mat has been well grounded and succession is 
now very rapid. 

6 Patches of Chamaedaphne on the Carex mat are spreading 
and new ones are appearing in vanous places in the Carex 

^ F C Gates and C 0 Erlansnn, "Enlarged Dascfl m Fraxinu» ntgra in 
Michigan,“ Botamcal Gaxelte, 80 107-110 
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7 Especially at the northern and eastern sides of the bog 
Salix pedtcellam is most abundant 

8 At the southern end of the bog is a lowland forest with 
Fraxinua nigra, Alnus tncana and Acer rubrutn m abundance At 
the present time no traces of Thuja are to be found 

9 The bog as a whole is rapidly becoming dncr and it is pre¬ 
dicted that in ten to twenty years the water will entirely disap¬ 
pear, leaving a dry Carex meadow 

10 This meadow will be invaded by the Chamaedaphne, 
Mynca, Sahx, and htgh-bog thicket associations and eventually 
the lowland forest at the southern end may extend well mto the 
open bog 


List of Hiqher Plants Found in Smith’s Boa 

An astenak (*) denotea that the species is present on the 
Carex laswearpa mat 


Acer mbnim 
Acer Baccliarum 
Achillea millefolium 
Agnipyron lepeHB 
AgroBtiB palUBtns 
AlnuB mcaua 
AlopecuruB anstulatue 
Amelanchicr canadenma 
Anaphalia margantaoea 

• Andromeda polifolia 
Antennana cajoadenflifl 
Apoeynum ahdrosaemifohum 
Asclepias synaoa 
Aaterapp 

Betula idanduloaa (previous to 1914) 
Betula papynfem 
Bidens vid^ta 

• CalamafTostis canadensis 
Carex brunncscenB 
Com oephalantha 

• Carex ennita 
Carex disperma 
Carex graeiUiTna 
C^orex hystnema 
Carex inttimescens 

• CTarex ksiooarpa 

• Carex stenlia 


* Carex stneta 
Carex vosicana 
Oafliolia odorata 

* Chamaedaphne calyculata 
Cmuum laneeolatum 
Coptui tnfolia 

ComuB canadensis 
ComuB stolcmifera 
Diervilla diervilla 
Dryoptens spmulosa 
Dryoptens tlielyjitens 

* Ehdichium anindinaoeum 

* Eleoebons acuminata 

* Eleoebans palustns 
Epilobium angustifolium 
Engeron philadeljihicus 
Engerun ramosus 

* E^ophorum oalliUinx 

* Enophorum vmdicannatum 
Eupatonum purpureum 
Fagus granddolia 
Fn^na virgmuma 
FraxmuB nigra 

Oahum boiealo (previous to 1914} 
Gahum tnfidum 
Oaulthena piooumbemi 
Hieraciam aurantiooum 
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HomalooenchruB orys»ides 

* Hypericum virgmimm 
Ilex vorticillata 

* Ina vonucdar 

* Juncut) brachycarpus 

* JuncoB canadrntiui 
Lactuca conadetiHiH 
Loniccra canadciiiua 
Looioom oblon^pfolia 
Lycopufl communin 

* Lyflimachia trrreetna 

* Lymmachia tlo raiflora 
Mentha canuch^uaiH 

* Menyanthos trifolia 
NemcipanthuH miiritmata 

* Nvmphoea advcna 
*Paniculnna bnroalia 
Paniculana ncrvata 
Poa comprcBsa 

Poa palustns 
Poa pratensiB 

* Polygonum ainphihmrn 
Populue grandidentafa 
PopuJuft tremuluidi^ 

* Potamogeton lu^tc^rophyllus 

* Potpntilk palustns 
Prunufi nana 
Prunus pennsylvanica 
Ptens aquiluia 


Pyrola secunda obiunata 
PyniB atnoricana 
Quorcus borealis 
Ranunculus ponnsj Ivanicus 
Hhamnus alnifoha 
Rhus glabra 
Rhus glabra liorealis 
Rubus stngoBus 
Saltx discolor x rostrata 
Salix lucida 

* Salix pediccllans 

* Salix Bcnoea 
Bchouchscrm palustns 

* ScirpuB atrocuictus 
Bolidago sp 

* Spargamuin minimum 
Sphagnum sp 
Spiraea alba 
Taraxacum vulgare 
Tiha ameritona 
Tnentalis amcncana 

* Typha latifolm 
Uimus omenrana 
Umfolium canadcnw* 
Vaccmium angustifolium 
Vaccmium canadenso 
Vaccmium nigrum 

* Viburnum cossmoidcs 
Viola pallens 


UNxyKRszTY or Michioan Bioloqioal Station 
C uNBOYaAN, Micuxoan 
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EXPLANATION OF PLATE XXI 

Fig 1 A (general view of Smith's Bog from the northwest^ showing jSabx 
'pedM^nBf part of the area of Chamaodapline, a broad expanse of 
Corex latntmrpaf tiie pond m the oonter, and the vegetation on the up¬ 
land aoutheast of the bog Photograph by F C'* Oates, August 1, 1915 

F^o 2 A detailed view towards tlie southi m end of Smith's Bog, showing 
CoTfj^ Umocarpay whioh bushes of Sahx pedteeUans are invadmg Photo¬ 
graph by Helen Cobum, August, 1924 

Fia 3 A view in the lower part of Smith's Bog, showmg an expanded part 
of tlw ktile stream that drains the pond The edge of the small lowland 
forest 18 visible at the left, and a shrubby area is in the central back¬ 
ground Photograph by Helen Coburn, August, 1924. 










THE SECOND INDUSTRIAL CONFERENCE 
AND ADJUSTMENT OF DISPUTES 

SAMITEL M LEVIN 

gETWEEN October 6, 1019, and March 6, 1920, two con- 
ferencee took place at Wa^ungton, each at liie behest of 
the President The purpose in both eases was to bnng together 
a group of men familiar with our industrial problems, to devise 
plans for the attainment of more harmonious relations between 
employers and employees The first conferenoe consisted of a 
rather numerous body (fifty-eight m all) classified for conven- 
iesiee into three groups, representing employers, employees and 
the public 

It IS sufficient to say, with respect to this conference, that 
after some twelve days of wrangling m committee meetings and 
interminable discussion m regular session, the organisataon 
broke up, when on October ^ Mr. Gompers and tiie labor 
representatives withdrew. The next day the President, speaking 
through Mr Franklin K Lane, chairman of the oonference, re¬ 
quested that, because of change ci oonditicms. the woric should 
now be earned on by the putdic group The puUic group, be¬ 
fore disbanding, subimtted a bnef report, ^ch contained the 
following words ‘‘We bdieve ^t the li^t of wmrkers to 
organise for the purpose of eolleetuve bargaining with th«r em- 
idoyers, titrough representatives of their own ehooemg, cannot 
be denied or assail^. As representativeB of the puUio, we can 
intopret this n|^t only m the smae that wage earners can bo 
free to choose erhat organisation or association they wiB join for 
this purpose.”' Thu deolaratiim was nothing mine than a eom- 
pound of the essential elements of ths two eontending resolutions 

* Annoif tfAtmieem AeaSm^/ vf P^htteal and SoeM Settne$, Jydy, 1020, 

p 131 
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proposed in the First Conference, - in other words a recognition 
of the right to bargain collectively, and at the same tune the 
recognition of “shop industrial councils or other lawful forms of 
association ” Finally the public group offered the suggestion 
that the President select a small committee to take up the 
matter of preparing a general program. 

As a result Mr. Wilson appointed a new oomnuttee of seven* 
teen, exolusivo of William B Wilson, ohosen chairman, and 
Herbert Hoover, vice-chairman. It la a matter of interest to 
note the personnel of this new body. There were “three ex¬ 
governors of states, two former attomeys-general of the Umted 
States, a former Secretary of Commerce and Labor, three 
college professors, two news proprietors, an efficiency engineer, 
a railroad official, the head of a large mail ordm* house m Chi¬ 
cago, the counsel of a large industrial corporation, and a retired 
lawyer and economist ’’ * One misses labor altogether, and 
yet here was a group selected to deal with matters of prunaiy 
mtcrest to millions of wage earners On the other hand there 
IS an impressive inclusion of lawyers and of men with expo- 
nence m executive and administrative functions of government — 
a rather homogeneous body that could well be expected not to 
go too far afield from the safe and sane 

The Conference met at Washington on December 1 On 
December 19 it presented a prehminaty statement to the pubhc, 
giving an outline of the recommendations it was wwlcing <»i, 
and mvitmg critieisms and suggestions It reconvened on 
January 12, when it had on its hands a connderable body of 
onticism and comment to consider, and in the succeeding de- 
hberations called a number of representatives of labor and 
capital to present the situation from theur reqtocfitve sides. 
The meetings continued to March 6, 1^, when the final report 
was submitted to the President 

A study of the contents of thu docummit makes it clear that 
it IS the plan for the adjustment of dugiutes (Part lit) that ^es 

* ProcMdvnga tj ih» Firat /nduatnnl Ctmfmmet, pp 141 and 175 

* Amtob the Ammom Aeadmy tf Pt/khkiA ini Soetai Sdtnet, Jubr, 
1920, p 182 
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us the essential result of the weeks of planning and dehberation. 
Farts I and U (some eight pages), however, are of importanoe 
m affording us a view of the theoretical perspective in which 
this work was consummated Fart IV, deabng with a miscellany 
of items in the industrial field, fuiUier reveab something of the 
attitude and underlying philosophy of the group with respect to 
such subjects as collective baigauung, hours of labor, housing, 
wages, profit sharing, unemployment and employees of govern¬ 
ment Fart V IS the conclusion These words are worth noting 
“The machinery of codperation and adjustment which we recom¬ 
mend we believe to have permanent value as an agency of 
industrial progress ” * 

The structure of this machinery is decidedly mtneate. The 
plan contemplates Regional Boards, Boards of Inquiry, a Na¬ 
tional Industrial Board, umpires and panels With r^ard to 
labor, it is clear that the Conference was anxious to embrace m 
the scope of its plan labor organized in trade umons and labor 
organized within the plant In fact nothing stands out more 
conspicuously m the Report of the Conference than emphasis on 
employee representation, as a basis for cooperation between 
employee and employer. We read “Ifie guiding thought of the 
Conference has been Hiat the right relationship between em¬ 
ployer and employee can best be promoted by the deliberate 
organization of that relationship That organization diould 
begin within the plant itself Its object should be to organize 
unity of interest and thus to dimmish the area of conflict”* 
Yet the fact stands out that so far as the actual plan for the 
adjustment of disputes is concerned, tiiere is no specific mention 
of employee representation m any one of the fifteen pages given 
to it in ^e report 

The elauBe refemng to submission df disputes speaks of 
"the appointment of representatives by both stdes,"* as con¬ 
stituting an agreement for submission to the Regional Adjust- 

• Stport the Induelrtal Cot^erenee, p SI 

• PS ‘nuoughout tin rest of the paper page leferenoee without farther 
data ate to the iieport «f Ms InduetHal CMfemue. 

• P ir 
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ment Conference The tonn *both sides* is inclusive, calculated 
to fall in with the needs of any body of laborers whatsoever 
On the other hand the Report declaics that *‘the panels of 
employers shall be classified by industries, the panels of employofis 
shall be classified by industries and subclassihed by crafts ” ^ 
This intimates the inevitable necessity, in any machinery for 
adjustment, to make use on either side, of industnes and crafts 
A|;;ain the rule is set down that an agreement ''shall have the 
full force and effecjt of a trade agnvment, which parties to the 
dispute are bound to carry out * A trade agreement must 
refer to one made be<-ween an employ<^r and his own employee 
representatives or one between an employer and a labor or¬ 
ganization 

There are eight varieties of Regional Boards or Conferences 
specified or hinted at in the rcpoi't 

1 SimpU* rcRiorml Adjustment Conference, for settli ment of di8puteH, rt»- 
latma to waROH, hourn, and i^orkmg conditioiiH Ckinsista of cliiunnan, 
appointed by the President, four memljerB selected from panels, two from 
each side, and four from parties to the dispute, two representing em¬ 
ployers and two the tunployec^s Unanimity reqiured to give ogreiuui^nt 
ix'tweon imrties the foKo of a eollcetive liargain * 

2 Additional Regional Conferences under viee-chairmen appointed by Na¬ 
tional Industrial Board to insure prempt action or where there is multi¬ 
plicity of disputes 

3 Corapoimd Conferences, siKTially created to deal with disputes extending 
Ixiyond the iKnindancs of a single region Chairman designated by 
National Industrial Board Memlx^rs chosen from cKimbmod panels and 
regions involved in dispuU* o 

4 Regional Adjustment C^onferenco created by transformation of Regional 
Board of Inquiry, if at any time dunng progress of inquiry Ixith sides 
shall have selected represeutativcs and agreed to submit the dispute fur 
adjustment« 

5 Interpretative Boards, made up of representatives of parties to dispute 
on Regional Adjustment Conferenoe, before which dispute was heard 
In ease of disagreement, chairman decides “ 

6 Fact-findmg Rogi<>nal Conference If no agreement is reaidicd by Con¬ 
ference, and additional information is required to make report to tlie 
National Industrial Bosuri or to umpire, the Conference for that time 
and for that purpose has power of Bo^ of Inquiry ^ 


7 p 17 • P 21 * P 13 >0 P 16 

u P 20 “ P 19 » P. 21 « Pp lft-19 
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7 Public Utility Regional Adjiistment Conference Consiate of the chair¬ 
man, one employer and one ciDplovee from panoln, four representatives 
fnitn {>arty to dispute (two from each side), and two representatives of 
gpverximeiital authority which has power to regulate the service of the 
pubhc utility ” 

8 IHibhc Service Regiona] Adjustment Conference Consists of two n^pre- 
sexitatives from legislative branch of government authoris(*d by law to 
make appropriations, two ropnBsontat-ives from liranch of government in 
]:>osition of employer, two from employees in public w'rvifc in which the 
question arises, and two members to be sc'io<ted bv the n preseutativc's 
of th(* employees from the hrst twelve names on the general panel ** 

There are several varieties of Boards of Inquiry 

1 Simple Board of Inquiry Consists of two employers fnira top of cm- 
ployf^rs’ panel for industry c*onoerued, two cunployees from the top of 
employee's* luuiel, and chairman of the Regional Adjustment (!!onfercncc 
The Board takes cognizance of a dispute if both parties, or either, refuse 
to submit it to a Regional Adjustment CJonference Chairman has nglit 
to voh* 

2 Enlarged Board of Inquiry (if either side selects representatives, thereby 
agreeing to submit dispufo to adjustment) Such representatives may 
seted two nauKS from their panel and may sit on the l^iard of Inquiry 

3 Board of Inquiry transformed into a Regional Adjustment Conferenw' 

4 Board of Inquiry for a dispute extending b(*yond the Ixiundarw's of a 
single region 

5 Public Utilities Board of Inqtury constituted of same memliersiup as 
Regional Adjustment Conferem e m field of public utihties 

b Additional Regional Boards of Inquiry under vice-t hairmcu ** 

There is a National Industrial Board consisting of nine 
members, appointed t)y the President, divided into three groups 
representative of employers, employees, and the public For 
less important cases, it may subdivide mto three parts, each 
part including one member from each group ^ The functions of 
the Board exhibit considerable range of va^tion The follow* 
mg may be specified 

1 Geiuml supcrvwory power and power to make ndes governing adtmms- 
tration of plan ** 

2 May requint regional pbairman to tidee rognuance of a diapute, or may 
suspend the operation of the regular inaehmery - 

»• P 24 » P 27 w P 19 »• P 14 “ P 19 
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3 Board of Appeal on questions of wagre, hours and working conditions 
which cannot be adjusted by a Regionai Adjustment Conference In 
such oases a unanimous vote ts necessary ^ 

4 Board of Appeal on cdl other questions which may come before Regional 
Adjustment Conference, and voluntarily submitted to it by parties to the 
dispute Vote is unanimous or otherwise in accordance with terms of 
submission ** 

5 Board of Appeal for trade agreements, m case an mdustnal agreement 
made between employer and employee is hied with the Nation^ Indus¬ 
trial Board, and when dispute fails to be adjusted by machmery provided 
m agreement’^ 

6 Board of Appeal for disputes mvolvmg pubho utilities Majority vote 
nooessaiy, provided at least one pubho representative concurs Bmdmg 
upon employer unless diaaflinned withm ten days after award, and upon 
employees unless disafl^rmed within twenty days ** 

There is no appeal m disputes involving pubho employees. 
Upon failure of Regional Adjustment Conference to reach unan¬ 
imous agreement, the parties to the dispute may select an 
umpire, who may decide on all questions, even open and closed 
shop.’*^ The umpire does not function m behalf of public em¬ 
ployees 

The system of panel representation is as follows: 

1 Panel representatives to constitute simple Regional Adjustment Confer¬ 
ence The chairman takes twelve names from the top of the i>anel for 
the industry concerned and twelve from the panel for the craft or crafts 
concerned. The representatives of the two sides then choose two each 
from Uie names on thoir respective hats 

2 Pubho UtOity Representatives, one employer representative and one 
em|doyee representative chosen by parties to the dispute from first six 
names on their respective panels >■ 

3 0 . Public Service Representatives, Secretary of Commerce and Secretary 
of LabOT act together m providing regional panels persons who are 
broadly familiar with the Afferent classes of services performed by public 
employees m the region ” Two representatives of the employees ate se¬ 
lected from the first twelve names on tiie general panel ** 

b Regional panels named above may be named by governor of any state 
^'for use in connection with any question affecting the public employees 
of that state ** 

The Seoretaiy of Commeree and Seeietaiy of Labor are 
involved to the extent that the foimer preparee toe employere* 

» P. 16 *• ]h» 1W6. -P26. -Pto. 
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panel, and the latter that of the employees, “after conference 
with the employers and employees respectively, of the region ” 
The two secretwies are to revise panels annually in conference 
with the employers and employees of each region The Presi¬ 
dent appoints members of the National Industrial Board as well 
as the regional chairmen 

An analysis of the plan for the adjustment of disputes makes 
clear the fact that there is nothing about it that savors of com¬ 
pulsory submission of disputes or ccanpulsory arbitration. 
Rather the emphasis is laid on the desirabihty of agreement 
between the parties The regional chairman, as a matter of 
fact, does not take cognizance of a dispute until he has had 
satisfactory evidence that an honest attempt has been made to 
settle by agreement of the parties or by existing machmeiy 
And even after the dispute is taken m hand by the Regional 
Conference, the aim is adjustment and not arbitration Such 
emphasis is further shown by the possibihty of agreement of 
parties on submission oven during the progress of an mquiry 
It may likewise be noted that in view of the fact that the chair¬ 
man possesses no vote in such conference, it is deemed that the 
two sides are evenly balanced, and are thus favorably constituted 
to make possible an amicable settlmnent. 

There is, however, an indirect pressure for submission, and 
this arises as a result of the machinery for mquuy, which be¬ 
gins to function the moment it becomes clear t^t either party 
or both refuse to submit the dispute to the R^ional Conference 
This in fact means, within hmits, cranpuboty mvestigation in 
all cases coming withm the scope of the plan Its unportance 
depends, first, on the power to subpoena and examme witnesses 
under oath, Board of Inquiry being .the only body vested 
with this authority, except the one instance where the Regional 
Adjustment Conference is granted similar authimty, ** secondly, 

** “If no agreement is leaohed by the Oonfeienoe, and m the otanion of 
the ehawman additioiud mfomation u lequiied to make a report to the 
National Induatnal Board or to an umi&e, the BegKmal Adjustment Con- 
feranoe ahafi at that time and for that puipoae have all the powera of mquirv 
and ri^t to aubmiona wMoh are veated in the Reponal Board of Inquiry ’’ 

Fp i»-ie 
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on the fact that the nght of inquiry is placed in the hands of a 
body in which the employers and employees are indirectly 
represented, and, thirdly, that the report is made piibhc 

The eihcacy of this arrangement depends, then, on a wilhng- 
noss to submit to an inquiry under such circumstances, or, on 
th(* otlier hand, to submit to a Regional Adjustment Conference 
But the fact needs to be noted that submission to such a Con¬ 
ference means much more than this one step impbes It means, 
to use the language of the Report, “in case of failure of the 
Conference to agree unanimously, to accept the award of the 
National Industrial Board, or of an umpire, on any question 
relating to hours, wages, and working conditions,” and also 
“an agreement that they will continue or reestablish and con- 
tmuo, until the case is concluded, the status that existed at the 
tune the dispute arose ” “ It is a choice, then, between inquiry 
on one side, and relinquishment of the strike on the other, unless 
111 the event of submission the party in question is disposed to 
break its pledge, and ignore the consequences of placing the 
facts before the public In the last resort that is all the plan 
contemplates m tlie way of penalty (either in case of failure to 
submit or non-compliance after sulmussion), but it makes a 
difforenoe as to whether a public statement is of the nature 
merely of the findings of a fact-finding body, or whether it 
amounts to a condemnation of a party bearing the guilt of a 
liroken agreement 

There certainly is no reason why shop organisations should 
not be willing to submit their disputes m the manner proposed 
But the case is not so clear when it comes to regular unionists 
Organised labor will find it hard to forget that it has failed to 
wm any special recognition m collective bargaining, and that 
all the way along it is merely put on a levd with the new em¬ 
ployee representation. Again, tlie National Industrial Board is 
essentially an arbitrating body, the members of which are 
appomted by the President But organised labor by bitter 
experience has learned to distrust arbitrating bodies so consti¬ 
tuted, bodies not committed to anything as far as the require- 

» Pp ir-18. 



Second Induatnad Conference 219 

monta of the plan are concerned, not poasosiung the right of 
inquiry or to subpoena and examine witnesses, not bound by 
any mandate to maintain a scientific staff, to investigate and 
ascertain the facts of any situation The Railway Labor Board, 
of course, is a notable instance of labor’s disillusionment And 
yet the National Industrial Board is the overshadowing power 
m the whole undertaking Once a case is submitted to a Re¬ 
gional Conference, there is no more retreat, that in itself is on 
agreement to accept the services of the National Boon] oi of an 
umpire There is, in other words, after this first step is taken, 
a compulsory adcnowledgment of the final authonty of the No¬ 
tional Industrial Board or of an umpire, unless one is willing to 
face the {.xmalty presenbed 

There is another question falhng in this category, and that 
has to do with the panels The panels are prepared by the 
Secretary of Coitinierce for the cmp1o3rer8 and by the Secretary 
of Lalxir for the employees, after conference in each case with 
representative groups of employers and employees Not to con¬ 
sider the possibility of politics entering into appointments the 
complexion of these panels must, of necessity, depend on the 
wisdom, the economic understanding, the fairness, and the good 
will of the two secretaries But the term ‘employer’ or ‘em¬ 
ployee,’ the moment it is applied to the domain of opinion, 
thought and policy, with the intention of suggesting the conno¬ 
tation of a definite, prescribed pattern of taking with regard 
to these things, becomes at once a snare and delusion That it 
has little or no validity can scarcely be doubted Not all em¬ 
ployers are obsessed with the same notions concemmg industrial 
issues, nor do they begin to correspond m intelligence, economic 
philosophy, experience and temperament, ,and what is said of 
employers may likewise be averred with mpect to employees 
No set of documents is so illuminating m this regard as the 
Proceedings qf (he First Indusirud Conference, which reports 
verbatun the ideas, opinions and beliefs of more than a score of 
representative figures m the Amencan busmess world, arbitrarily 
classified into two groups, the ^ploying group and the pubhe. 

It Was Mr Gompers who later pointed out that “m the 



220 


Samuel M. Levin 


group of representatives of the pubhc there was a larger num¬ 
ber of employers than was contamed m the group representing 
employers, and that these employers m the pubhc group were 
the employers of more workers than were the emplosrers (A the 
employers’ group ” ** Yet it was the latter body of emplpyers 
that refused with inexorable detenmnation to make any com¬ 
promise with the representatives of labor and the pubhc on the 
issues presented m the original resolution with respect to col¬ 
lective bargaining It was the employers m the public group 
who, m general, gave expression to the hberal point of view, who 
evinced a wilhngness to meet labor m a cobperative spint, and 
who showed little patience with the sterile argumentation and 
the casuistries mdulged m by the others 

There is no assurance in this plan that a man sitting in the 
Cabinet and callmg himself Secretary of Labor is going to pick 
the right sort of employees’ panel. What if he gives preference 
to company union men? There is nothing at all to stop him 
from doing this, and presumably it would not be a difficult 
matter to argue m favor of that sort of proceeding. As it is, 
the regional conference is a patchwork affair, for the panel 
representatives do not do much more than add bulk to the 
body made up of the original disputants But, if matched 
against the laborers there is going to be an employers’ panel, 
tlie laborers cannot overemphasise the necessity of assunng 
themselves the right sort of employees’ panel Does the proposed 
plan offer this assurance? This is an impiNrtant question to 
answw. 

It is quite possible, as has been pointed out, that the plan 
may serve to weaken oolleotive baigaining between emplcyers 
and regular trade unions. All that is necessary is for the em¬ 
ployer to refrain from entering mto an agreement so as to force 
the dispute into the hands of a Regional Adjustment Conference 
or else force an inqdry. To trade umonists sudi a possibihty is 
of sufficient weight to cause serious ooncem, for there can be no 
question as to which of the two methods they would prefer — 
that of the trade agreement by colleetive baigaining, or that 
^ Ammean forlerahmtf, 26 1125. 
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by way of the Regional Conferences It is in view of this sort of 
situation, laigely, that the attitude of the authors of the Con¬ 
ference Report on employee representation looms up as sig¬ 
nificant 

As to the scope of the plan, though the Report speaks of 
disputes in general, there are certam limitations The following 
may bo given as a summary 

1 A Rt'gional Adjustment Conference must take oognuanoe, in aecordanoe 
with proviaions, of disputes rclatmg to hoiurs, wages, and workmg oonch* 
tions ” 

2 The National Industrial Board may act as a board of appeal on all other 
questions coimng hc^fore a Hogional Adjustment Conference, voluntarily 
submitted to National Industnal Board by parties There is no appeal 
m matters mvolving policy such as open or closed shop 

3 An umpire may decide on all questions (including open or closed shop), 
except those mvolving public employees, and his decision is to have the 
effect of a unaiumous decision of a Regional Adjustment Conh^roncH* ** 

4 Pubhc utilities, other than those covered by the Transportation Act, are 
mcluded in the seojK* of the jilan 

3 Puldio Employees Agreement bv Regional Conference takes form of 
recommendation to appropriate legislative bodv I'here is no appeal to 
National Industnal Board, no inquiry, no reference to an umpire 

6 CoasideratKm by the National Industrial Board of any industnal agree¬ 
ment made between employers and employees, and filed with the Na¬ 
tional Industnal Board by consent of parties 

7 The authonty of the National Industnal Board “to issue mstructions to 
the general chairmen, concerning the character of the disputes of which 
they should take cof^sanee This would mdicate that the scope of 
the plan, so far as Regional Adjustment Conferences are ooneerued, is 
ultimately in the hands of the National Industrial Board 

Taken by and large, one is molmed to reach the conclusion 
that, in devising the plan for adjustment of disputes, the Con- 
f^noe has done a fairly good piece of wprk The principles 
underlying it are sound, viz agreement between parties if at all 
possible, agreement or adjustment along lines of conciliation and 
arbitration; national and local machmery carefully int(^rlinked, 
provision for appeal; no compulsion. In the words of one writer, 
'^The immense advantage of such a system over lack of any 


P. 13. 


•• Pp. lfr-16 


» P 20. 


40 p 23 



222 


Samuel M. Lmn 


system must be patent ” It could be depended on at least “to 
throw hght where light is more needed “ But the comment goes 
on further to point out that there is no provision by which the 
regional boards “can be guided by a umfied body of national doe- 
tniic, that they are mert until there is trouble, and that the 
National Industrial Tribunal should have power to recommend 
legislation to Congress and greater powers of mvestigation 
into all phases of industrial unrest “ These cnticisms are in 
point. They must be remembered m connection with the other 
items discussed, such as the status and attitude of organized labor, 
the structure and functions of the Nation^ Industrial Board, the 
panel system, the prominence given to employee representation 
and the effect on collective bargaining Yet after all one must 
remember that it is impossible to devise a plan that is altogether 
faultless The plan for the adjustment of disputes, taken by 
itself, if adopted with a few necessary modifications, would give 
us a foundation for new and better work as tunc goes on 

Now, as regards the case of public utihties and public em* 
ployees, reference has already been made to modifications which 
the Conference deemed necessary, to accommodate details and 
procedure to the new situation Thus, m the Public Utihty 
Ilcgional Conference Board there are two representatives of the 
government authonty which has power to regulate the service of 
the public utihty, and the Public Service Board is organized m a 
manner still different So far as a Public Utihty Board of Inquiry 
18 concerned, it is constituted of the same membership as the 
Regional Conference for such cases, whereas there is no Board of 
Inquiry at all in public semoe disputes From the standpomt of 
effectiveness eS. decisions and nght of appeal, the National 
Industnal Board, m case a pubhc utility appeal is mvolved, is 
authorized to reach its decision by a majonty vote, provided at 
least one public representative concurs, but the decision is land¬ 
ing upon the employer only if withm ten dasrs after the award 
IS rendered it is not disaffirmed, and upon mnployees if not dis¬ 
affirmed within twenty days. If not so disafiSrmed, or when 
unanimous decision is rendered by Regumal Board, or when de- 
« Ntw BepiMie, 21' 167 
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ciston IS made by an umpire, the agreement or award assumes 
the binding diaracter of a trade agi cement, as in other cases 
There is nothing in all these provisions to suggest any limita¬ 
tion in the field of public utilities, having to do with the nature 
of the dispute or class of employee, though it would appear 
that inasmuch as a Board of Inquiry must include two members 
representing the government, the government simply by refusing 
to appoint such members could make mquny impossible and 
thus summarily dispose of all this toachmery foi the dispute in 
question 

In disputes involving government employees, the govern¬ 
ment body may or may not avail itself of the machinery A 
Regional Adjustment (bnferenee is convened by the Chairman, 
on request of the administrative head of the government dc*- 
partment “standing in relation of employer, or on request of 
such a substantial number of employees os to satisfy the chair¬ 
man that the question is of sufhcient importance to justify the 
convening of a Regional Adjustment Conference The Regional 
Conference, at best, is empowered merely to make recommen¬ 
dations to the appropriate legislative Ixxiy that has power to 
fix wages, hours and working conditions/^ Only such classes of 
public employees am to be subject to the plan as the govern¬ 
ment authonty designates. There is no Board of Inquiry, no 
appeal, no reference to an umpire 

The significance of these provisions becomes more patent, 
when the fact is noted that there is no interdiction against the 
strike m disputes oiTeciing public utilities,^ whereas there is such 
interdiction m disputes affecting public employees We reiid 
that “Government employees individually are free to leave the 
semoe, bvi no group should be penmtted to, strike or to threaten 
concerted cessation of work/' ^ On another page, however, we 
find that “the right of the individual to retire is limited by his 
duty to give due notice, dependent upon the character of his 
service " " Bo far as affiliation with organisations that resort 
to the strike is conoemed, the plan forbids such affiliation “to 
pohcemen and others, whose duties relate to the administration 

" P. 43 « P, 26 « P 43 " P 41 
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of justice and tiie preservation of life and property” By in¬ 
ference one IS justified in concluding that teachers, mail-earners, 
clerks, may so aifihate, despite the fact that the strike is out¬ 
lawed But a positive afiirmation to this effect is not made 
Moreover, the question ansos as to the benefit of joining a 
striking organization if the people who join are forbidden to 
stnke One does not expatriate himself mto a prohibition 
country m quest of beer, wme, or other strong dnnk 

It remams to pomt out that Mr Gregory differed from the 
other members of the Conference in the niatler of the right to 
stnke m the case of essential mdustries, such as “railroads 
other than transportation systems, or water, hght, gas, tele¬ 
graph and telephone plants and groups of coal mmes,” on the 
ground that the contmuous operation of these is “essential to 
the convenience and frequently the veiy existence of the general 
public ” His idea was to make strikes and lockouts m these 
mdustnes unlawful, “dunng the time the proposed tnbunals were 
seeking to determine and publish the facts and settle the issues 
mvolvod, and during the subsequent brief period within which 
the parties to the controversy were to accept or reject the award 
mode, and dunng the penod covered by the award m case both 
parties accepted it ” In other words, this does not contemplate 
compulsory settlement or even compulsory submission of dis¬ 
putes, It does mean compulsory cessation of stnkmg activities, 
m such cases, after submission. Smee, however, tlie parties to 
the controversy are privileged to reject the award made, the 
compulsion, it is clear, becomes ml once the parties decide on 
rejection If they do accept the award it becomes operative 
dunng the life of the agreement, a situation tantamount on one 
side to legal enjforeement of a trade agreement, and on the other to 
compulsory relinquishment for the tone being of the nght to 
stnke Mr. Stuart, another member of the Conference, shared 
the views of Mr Gregory except as to their apphcability to coal 
mines, which he did not regard as pubhe utilities 

Undoubtedly there are good grounds for discnininatmg be¬ 
tween ordinary disputes and those affecting public utihties and 
government In general, there is no basis for taking 
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the provisions bearing on pubhe ukhttea Organization of any 
kind 18 permitted, the right to strike is permitted, the entire 
machinery of adjustment, subject to shght modifications, con^ 
tmuos to function m a manner to take cogmzance of such dis¬ 
putes and to help in their disposal But the case is altogether 
different with employees of the public There the nght to strike 
IS denied, the right of affiliation with striking organizations so 
strongly limited as to make such affiliation meaningleBS, the 
machinery for adjustment stops with the Regional Adjustment 
C'onfcrence (there is not even a Board of Inquiry) whoso findings 
are mere reconunendations If pubhe employees arc asked to 
give up the nght of using the stnko, even the nght of organi¬ 
zation, in self-defense or to improve tb^ir status, they must have 
jxisitive, unquestioned assurance tliat their ease will be taken in 
hand by projicrly constituted tnbunals There has to be mar 
chmery for handling such cases mipartially and scientifically, as, 
for example, m Australia, where Parliament in 1911 intrusted 
to the Australian Court of Arbitration the function of settling 
“wages, hours, and conditions of labor for federal pubhe sei> 
vants/’ ** The Conference itself recogmzes that “the governr 
ment must bo a just employer”" But that any body of 
intelligent business men, government executives and eoononusts 
can hold that this need is fulfilled by the shght contrivance of 
an emasculated Regional Conference is hardly credible 

The result, of course, must be for the making of an even more 
pronounced antagonism on the part .of labor The pohey of 
orgamzod labor with respect to this matter has of late been 
made clear One of the provisions m the prognun of recon- 
struotion of the Amencan Fod^tion of Labor (1919) endorsed 
by the Executive Council is as follows “Public employees must 
not be denied the right of organization, free activities, and 
collective bargaining, and must not be limited m the exercise of 
their rights as citizens.”" Ihe Convention of the American 
Federation of Labor in Atlantic City m the spring of 1919 opened 
the door to the affiliation and organization of the Boston police. 

^ H fi Riggiiu, Han»d Law Smew, 20 38 " P. ^ 

" Daaiel Bkiomfleld, Moiem Iwltutnal Movemmlt, p 8 S6. 
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Labor held its ground on this question m the meetings of the 
First Industnal Conference, where, it will be recalled, the em¬ 
ployers' resolution ihstinguishcd between private employment 
and government employment m the matter of collective bar¬ 
gaining and the right of unions to be reprt'scmtiHl liy men of 
their own choosing, the resolution making the concession only to 
the former Matthew Woll argued that, inasmuch as the rail¬ 
road brotherhoods were then government employee's, the declara¬ 
tion would at least by inference deny oigamzat-ion and repre¬ 
sentation to railroad woikcrs*® Even John Spargo, a memlier 
of the public group declared affirm there is no body of 
omployeos anywhere m the world who more need the nght to 
bargain collectively than those who are employed by a great 
modem government with its bumaucratic methods ” All this 
ts sufficient to enforce the thought that lalxir is not unaware of 
the gravity of this question and that it cannot lie disposed of by 
a device like the one suggested by the (Conference 

It IS impossible to escape the conclusion that followmg upon 
the hwls of the ill-fated First Conferoneu the Second failed to 
improve its opportunity* The shadow of the First seemed to 
have descended on its successor Except for Ihe plan proposed 
for the adjustment of disputes, which is not without ment, but 
which IS to some extent marred by the fears and prepossessions of 
the personnel, the Report has in it little or nothing that deserves 
to be remembered It may be, as one critic has suggested, that 
the Conference kept at a safe distance from a good many 
troublesome issues because unanimity was the desideratum, but 
if that was the case the members have no one but themselves to 
blame for their fadure to make a contribution of reoogmzed 
worth to society 

CoLLMOB OF THB Gmr OF Dbtboit 
Dbtroit, Michigan 

Proceedfm^« of F»r«< IvdiAOtruji Cof^erence, p 189 
M lM,p 208 
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TO LAND CLASSIFICATION 
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axe nearing the end of our easily available virgin timber 
resources Presently wo shall be dependent on our annual 
forest production for our tinilier supphos Our agricultural ex¬ 
pansion has absorbed all of the natural bigh-quality farm and grac¬ 
ing lands and has extended to lands of lower or margmal quality 
Meanwhile our population continues to grow in numbers yearly 
This mcreaso in population is paralleled by a growing demand for 
the products of the land — food, hber, and forest products — and 
the use of land for other puriioses than production Out of this 
growmg demand competitive uses for land arise, and when, as 
frequently happens, those competitive uses meet and compete for 
lands which are of marginal quality for either use, then there is 
confusion in determining which use shall prevail In the past 
such determinations have mainly been made by the slow and 
costly process of 'trial and error ’ 

Because of the loss in tunc and money and human energy' 
which such 'trial-and-crror’ expenments have mvolved, as well 
as the abuse which they have inflicted on our land resources, we 
hear a more and more frequent call for 'land classification ’ No 
one seems to know defimtely just exactly how this land classifi- 
cation should be applied in detail Tiiere seems to be only one 
point of agreement, namely that we diould Have such a classifi- 
oation. 

Qrantedl A land classification But for what purpose and on 
what bssiB? For the purpose of establishing land use on the 
basiB of utility. But use, at least for the bulk of our land area, 
implies productiem, and many factors other than land enter mto 
tiie economics of production. Labor, eaiutal, markets, transpoiv 

227 



228 


L, R. Schoenmann 


tation, supply and demand for the product, and a host of other 
ebangeaUe economic factors will give an ever changing com¬ 
plexion to any land classification based on utihty 

When we admit that we cannot classify land m a fixed, arbi¬ 
trary, 'once-and-for-all-time' sort of manner, then the problem 
becomes much simpler We shall mventory the relatively stable 
and tangible physical charactenstics of land like soil character, 
topography, climatic influence, abihty to produce certain kmds of 
plants and animals, and we shall appraise the mflucnce of the 
relatively unstable and mtangible economic charactenstics. 

With such inventories and appraisals before us, we can set a 
classification for today, knowing and anticipating that ten years 
from today or fifty years from today we can readily re-classify, if 
necessary, to accord with an altered economic status. It is even 
probable that, with a full and detailed mventory of the more 
stable physical characteristics, we can so completely anticipate 
the trend and effect of the less stable economic factors as to allow 
a relatively permanent classification to be made today 

Hero, then, the relation of the soil survey to land ftlitiunfinii.f.in Ti 
becomes easily apparent The sod survey is an inventory of the 
sod character of the land, an inventory of one of the principal 
physical charactenstics of land. It identifies and defines the limit 
and extent of land areas of hke and unlike sod character, and 
under the recently adopted metliods of sod classification a 
correlation is being established between sod character as mea¬ 
sured by ,the Sod Survey and the natural abihty of certain soils 
to produce certain types of plants and animals as measured by 
actual practice In a classification of land which lymtcm p t atee 
the selection of land for crops, pasture and forest on the fuMWa of 
physical suitabdity for such use, the sod survey becomes, there¬ 
fore, not only a valuable aid, but a vital and necessary part of 
the mventory on which to rest the classification. 

The 1923 Year Book <4 the UnUed Statee Department ofAgneut- 
tore presents a clean-cut picture of our crop land, pasture 
and forest land requirements for sustaining the population i^iicb 
we shall have acquired by the middle of the present century. 
The spedidists of this Department estimate that our popukUon 
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will have reached a total of 150,000,000 in about the year 1050, 
and that to sustain this number people there will be required 
38,000,000 acres more crop land and 2,000,000 acres more humus 
pasture land than we now possess Their study concludes that, 
after allowing for an area of forest land equal to the present for¬ 
est area (483,000,000 acres), nearly 400,000,000 acres of potential 
crop land remain from winch to select the required 40,000,000 
acres of crop and pasture land Practically all of the 400,000,000 
acres are, however, either inferior m quality or require drainage or 
irrigation It is obvious that to obtain the 40,000,000 acres of 
highest available utility for crops and pasture from this great 
area careful selection is mvolved 

A careful, deliberate selection of 40,000,000 acres of new crcqi 
and pasture land at the rate of 1,000,000 acres annually out of a 
total available crop land area of 400,000,000 acres lamnot be in¬ 
telligently accomplished without a full and detailed mventoiy of 
the physical characteristics of the available lands and a careful 
appraisal of the effect of its economic environment on its utihty. 

The Land Econonuc Survey is making two t}lKS of records on 
lands of known character and economic oivironment with the 
hope that, when such records have been obtamed for a sufficient 
number (d areas, they will be of assistance m selecting oertam 
lands for forest, crop and pasture use. One type of records 
registers the relation of soil character to the type and status 
of present agricultural utihaation The ofher registers the relai- 
tion on soil character to the character of the original forest 
growth 

Those of you who have traveted tluoug^ the rural distncts 
have no doubt observed that on certain soils farming is appar¬ 
ently a prosperous busmess, while on other soils it consistently 
fails to prosper unless sustained by some set cl abnonnally favoiv 
able circumstances. 

With this m mmd the Land Economic Survey dmroted a few 
days last season to crop-mapping for the purpose of recording an 
apparent correlation between soil type and establkhed agricul¬ 
tural utihsation. 

On each of four importaat 8(»1 types one section of land was 
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selected. These sections were selected by consulting the SoQ map 
in order to get an area of 640 acres m which the type of soil to be 
represented was strongly dominant m extent, and by consulting 
the Cover map for a section in which the farm development was 
as typical as possible for the community The soil, crop and land 
uf»hzatton maps, together with their summaiy tables, are given 
below for each of the four soil types 

ONAWAY LOAM 

The Onaway Loam is a gently rolling loam soil with a reddish- 
brown, moderately friable, gravelly, gntty, clay subsoil. In the 
virgin soil the surface layers are seldom more than slightly amd, 
and the subsoil at two feet is high m lime The original forest 
growth was a heavy stand of mixed hardwoods hard maple, 
IxMKih, elm and basswwxi On this soil a diversified t 3 rpe of pro¬ 
duction prevails. The crop land is used for oats, wheat, barley, 
peas, com, potatoes, tunothy and clover hay, and rotated pas¬ 
ture 

In the adjoining sections on the same soil type alfalfa was also 
used as a hay crop to some extent I'his section had about ten 
acres of idle or unused land on a black swamp soil, Lupton Peat 
(Soil type No 30), and a poorly dramed swamp border soil. Berg- 
land Clay Loam (Soil type No 82). The land and buildmgs on 
this section had an assent value of $25,200 in 1924. One hun¬ 
dred and twenty-three animal units were maintained on the ten 
farms. Fifty-five of these were milk cows and thuty-suc were 
classed as other cattle The farms on this section had every ap- 
poaranoe usually taken to mdicate a prosperous type of agnoul- 
ture. 




Fig 9 Onawat Loau 
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TABLE I 

Showing Onaway Loam Dominant 


Soil Ttpjob 

1 

r 

1 

Ontonagon 

Loam 

Bergland C!a> | 

Loam 

Lupton Peat j 

i 

Total acres on 
aU sods 

■S 

p 


Acres 

Acres 

Acres 

Acrra 



Total arcia 

496 

36 5 

46 5 

37 

616 


Farinstoad and gatdens 

Id 




15 

2 3 

Orchuxla 

12 




12 

1 0 

Cultivated crops 

49 

4 



53 

8 3 

Gnun Crops 

152 5 

14 5 

1 


168 

26 2 

Hay crops 

235 5 

9 


1 

253 

39 6 

Cleared pasture 

12 

10 


17 

75 

11 7 

Apparently idle or aban¬ 







doned farm land 





4 

0 6 

All cleared land 

476 

36 5 



580 

90 5 

Public highways 





24 

3 8 

Forest growth 

20 




36 

5 7 


TobU oitetHd talvt land and lmddmg$, 125,200 
Ammal um(« mmntamed 


Milk cows 


55 

Other cattle 


30 

Sheep, hogs, horses 

* 

32 

Total ; 


123 


ONTONAGON LOAM 

The Ontonagon Loam is a smootb-l 3 ring to nearly levd loam 
sdl with a heavy, gritty, red-elay subsoil The surface layers of 
the virgin soil are acid, but the clay subsoil is hi^ in lime at and 
below two and one-half feet. Tlie original forest growth was 
mixed hardwood and white pine. On this soil there is leas ^ver¬ 
sification in crop production. The crop land is used for oats, bar¬ 
ley, wheat, timothy and clover hay, and rotated pasture. Six 
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acres of com and potatoes constituted the entire area of culti¬ 
vated crops m this section m 1924 There is no idle or unused 
land, but about seventy-four acres are in grassed wood lot These 
uncleared woodland pastun's are largely on the Hergland C’lay 
Loam (Sod type No 82), a black low-lymg swamp border sod 
with a grayish heavy clay subsod The land and buddings had 
an assessed value of $22,100 in 1924 and mnty-neven annual units 
were maintained on the eight farms Fifty of these anunal units 
were indk cows and twenty-four were classed as other cattle 

TABLE II 

Showing Ontonagon Loam Dominant 


Soil Typks 

Ontonagon 

lx>um 

Uerghind 
Clay Loam 

Total dO«»s 
on all soils 

P(‘rcf*ntage 
of aU soils 

A<rt*H 

Ac«‘H 

Total area 

SOI 

2S 

624 


P'annstead and gardens 

11 


n 

I 7 

Orchards 

H 


s 

1 2 

Cultivated owps 

6 


6 

0 9 

Gram cro|>B 

190 


190 

29 8 

Hay crops 

24S 


248 

38 8 

Cleared pasture 

83 

4 

87 

13 6 

Apparently idle or 





abandoned farm land 





Pubhc highways 



16 

2 6 

All cleared land 



666 

80 0 

Forest growth 

66 

19 

74 

11 6 


Aamsed value of land otmI bwlthngSf 922,100 
Ait/mal unite mairUained 


Milk cows 


60 

Other cattle 


24 

Sheep, hogs, horses 


23 

Total . 

« *••** ¥ * 

07 
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SUMMERVILLE STONY CLAY LOAM 

Th<> Summerville Stony Clay Loam at a amooth-Iying, shal¬ 
low, stony, clay loam soil The underlying bed rock of lunestono 
outcrops on the surface or underlies at depths that seldom exceed 
one and one-half or two feet The original forest growth was a 
mixed stand of hardwoods and conifers, maple, birch, elm, cedar, 
balsam and spruce. Alxiut one quarter of this section consisted of 
swamp soil, Rifle Peat (Soil type No 20), and a black low-lyiQg 
swamp border soil, Bergland Stony Clay Loam (Soil type No 
82 X), both of which arc mainly occupied by a ccdar-tamarack 
forest growth This, however, is a typical association About 
fifty-five acres in fields of iriegular outhne are devoted to crop 
production The crop consists of com, com and sunflowers 
mixed, feed roots, timothy and clover, and alfalfa for hay The 
entire area of the Summerville Stony Clay Loam not in crops, 
farmstead and homo orchard is used as permanent pasture, ex¬ 
cept about an arre and a half on which one farmer piled the 
stone taken from his plow land The land and buddmgs m this 
election are assessed at 86,400 in 1924 or an average of $10 per 
acre. Eighty-one animal units are maintained on the three 
farms, of which sixty-nmc are milk cows and six are classed as 
other cattle 

This 18 low grade crop land, but fairly productive gracing 
land These farm owners had suited their use of the land to its 
ability to produce They buy all their feed gram and concen¬ 
trates, pasture the bulk of the la^d, raise only roughage, mam- 
tain practically no animals except nulk cows, bulls and work 
stock, and depend solely on their daily products for an mcome 
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TABLE in 

SUOWINQ SinMMBBVlLLB StONT ClAY LoaM DoIONANT 


Soil Typrs 

Summer¬ 

ville 

Stony 

Clay 

Loi^ 

Berglond 

Stony 

aay 

Loam 

Rifle 

Peal 

111 ! 

Pen*ent- 
age of 
all soils 

Acres 

Aries 

Acres 

Total aroa 

442 

114 

70 

626 


Famutead and gardens 

4 



4 

0 6 

Omhards 

3 



3 

0 5 

Cultivated crops 

26 



26 

3 9 

Gram crops 






Hay crops 

33 



33 

5 2 

Cleared pasture 

287 

3 


290 

45 4 

Apparently idle or aban¬ 






doned farm land 

1 



1 

0 1 

All cleared land 

351 

3 


354 

55 3 

Public highways 




12 

2 2 

Forest growth 

91 

in 

70 

272 

42 5 


wlue oj land and buddings, $6,400 
Antmal untfs maufUainsd 


Milk cows 



. 69 

Other cattle 



3 

Sheep) hogs, horses 


• 

9 

Total 

• • 

• • * f • • 

81 


GRAYLING SAND 

The Grayling Sand u a levd, licd^t brown aand on rather 
ooarae yellow sand It u a typical, dry, drtfughty, 'jack pine 
plain* Boil, highly acid in all ita layers. A few acres in the 
aouthwest comer cpni^ of a atreaia*bottom soil which u Bab- 
ject to stream overflow, Onflin Saa<fy Loam (Soil type No. 76) 
One hundred and Bixty<Beven acres on five forties of this sec¬ 
tion have been cleMsd for crop land. All but about twenty-five 
acres of this oleaied land lies idle and unused. Ibe twenty-five 




















Gratxxno Sand 
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acres are returning a very meager yield of potatoes, rye and hay. 
The carrying capacity of pasture land on this soil is low Two of 
the families in the three occupied farmhouses apparently do not 
receive their maintenance from the land The assessed value of 
the land and buildings in 1924 was about $4,500. Fewer than 
five animal units arc maintained by the throe families bving on 
the land And this condition prevails m spite of the fact that 
this section fronts on an improved trunk line highway and is but 
one mile from the county seat 

TABLE IV 

Showing Grayling Sand Dominant 


Soil Types 

Oraylmg 

Sand 

Griffin 

Sandy 

Loam 

Total 
acres on 
all soils 

Percent- 
age of 
all soils 

Acres 

Acn^s 

Total area 

630 

2 

632 


Farmstead and gardens 

5 


5 

0 8 

Orchards 





Cultivated crops 

7 


7 

1 1 

Gram crops 

8 


8 

1 2 

Hay crops 

24 


24 

0 4 

Cleared pasture 

24 


24 

0 4 

Apparently idle or aban¬ 





doned farm land 

142 


142 

22 2 

All cleared land 

167 


167 

26 1 

Public highways 



8 

1 2 

Forest growth and cutover 





land 

468 

2 

465 

72 7 


Apptoxwnate aaaeeaed value cf land and buMxnge^ $4,000 
Ammal untla maintained 

Milk oowfl . 2 

Other oatUe 

Sheep, hogs, horses 2 


Total 


• . * 


4 
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The Land Economic Siirvey’s 'soil-forest' record grew out of 
an impression that a relationship existed on certain sandy soils 
between the type of soil and the density, rase and proporUon of 
white Norway pine in the original forest growth 

To test this impression a hidf-acre plot of cutover land was 
selected on each of five different soil tjrpes The number of 
white and Norway pme stumps on each plat was tallied and the 
circumference each stump recorded From this information 
the basal area (which is the total cross-sectional area of trees) of 
white and Norway pme was determmed for each plat. The re¬ 
sults of thus basal area tally are presented as a progress report 
m the foUowmg table ^ The results are striking but untrust¬ 
worthy, by reason of the meager data collected Further tallies 
wdl be made on the same soil types m other localities to support 
or refute these i^esults. 


Type of Soil 

Number of stumps 
per acre 

Basal area in sq ft 
per acre 

White 

pine 

Norway 

pine 

White 

pme 

Norway 

pma 

Saugatuck aand 

96 

48 

176 8 

61 0 

Rubicon sand 

60 

58 

96 9 

71 4 

Grayling sand 

22 

40 

n 2 

13 3 

Coloma sand * 

63 

43 

137 5 

46 8 

Ogemaw loamy sand 

70 

20 

246 9 

32 8 


* Average of two plots 


Have we here an indication that our soil classification or 
idis soil type parallels the forester’s site classification for these 
two species of pine? If so, what value might a soil clasaifinat i on 
be to the forester in arriving at a site clasrifioation for the de> 
nuded forest lands which are not re-stocking? 

> From Land EooBomio Survey reoorda made ^ L. R. 
staff sod surveyor, and H. H. Sayre, assistaat forestw 
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Mr. J. O. Veatoh* baa kindly loaned me some of his data <m 
the relation of soil type to the growth of green standing timber, 
which show that on tte Osceola SchI type the sladi pine reached 
a height of less than 30 feet at an age ot fifty years, and to judge 
from the appearance of the rate of growth-«arve, it had at that 
age practically reached its maximum height on this soil On the 
De Sota Soil type it reached a heif^t of 60 feet m forty years 
and was just nearing its maximum height development. On the 
Okechobw Soil type it had reached a height of 60 feet m twenty- 
five years and was stQl a considerable number of feet bdow its 
prolMible maximum height development. 

These data are presented ^ply to indicate that, regardless 
of the present or future demands for land area for one or several 
types of utiltsataiM) the actual experience of established utility, 
mid natural adaptation and productivity correlate rather doedy 
with soil character and condition This correlation constitutes 
one important basis from which (1) to project any type of pro¬ 
posed use into areas not so utilised, or (2) to weigh ^ suitabil¬ 
ity of certain available areas for competing tjrpes of use sdien 
the soil character, olunate and economic environment are known 

From the standpomt of area our three major uses of land are 
for crops, pasture and forest In an assignment of land area to 
these uses we are bound, except under very unusual cuwum- 
stanoes, to follow dosely ^e soil’s natural willingness and ability 
to produce the crops, the grasses and trees which we need By 
designating soil oharactes the Soil Survey assists in duuting the 
natural wilhngness and suitability land for these lypes of pro¬ 
duction and to this extent the Soil'’Sorvey has a relation to laii4 
dassiSoation and a funotom m the careful sdection ol our annual 
requirements of 1,000,000 acres of new crop land from the potent 
tiaily availaUe area d 400,000,000 acres. * 

MnanoAM Laud Eoomohic Suawr 
Ei«* LAmtKro, MienoAN 

* flails flwtloM, Minhigsn Bute OoUega 




THE INFLUENCE OF JOINTS IN THE FOR¬ 
MATION OF THE ISLANDS AT THE 
WESTERN END OF LAKE ERIE 

CHARLES W COOK 


"Yf^HILE carrying on «)me geological mvratigations on Pelw 
Island m Lake Eric, the writer was impressed by the 
frequency with which lineaments were observed A straight 
cliff would appear in one direction, along the extension of a 
joint plane, and in the opposite direction, along the same hne, 
would appear an island, not infri'quently sceimng to h&ve a 
correspondmgly straight side A further mvestigation of the 
problem has resulted m an accumulation of data which seem 
to leave but small doubt that tlie formation of the islands at the 
western end of Lake Erie has been vety strongly mfluenced, 
if not controlled, by joint planes 

The principal joint directions as determined on Peloe Island 
fall mto three sets, approximately, N 45® E and N 45® W, 
N. 16® E and N 76® W, and N 76® E and N 16® W. An 
examination of Figure 13, which is based upon data taken 
from the Coast and Geodetic Survey chart, shows that many of 
the larger features of the islands and the basin of I^ke Erie 
surrounding them present a sti^ng parallelism with these 
joint directions This is especially true if the nature of Pelee 
Island itself is considered. Pelee Idand is made up of a number 
of 'rock idands’ jomed together by unconsolidated materials 
The location of these ‘rock islands’ is shown on Figure 13 by 
the dotted lines Attention is called to the way in which they 
Ime up with one another and wit^ Ike other islands m the 
principal joint directions. Also tke general trend of many of 
the contour lines and depressions m the basin floor in relation 
to the joint directions is to be noted. IJnfiMtunatdy the data 
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Via, 18, ahovmg tin PanUelism betwoen Topogt^thio Featuica uid 
Piindpal Joint Dmctimis 
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from the Lake Survey chart are not aufficientiy complete to enable 
us to distinguish m most instances whether hard rock or loose 
material is found on the bottom of the lake at various pomts 
However, it seems to the writer, that the parallelism of these 
features with certain definite directicuis is too striking to be due 
merely to coincidence and it is his behef that any unconsohdated 
material on the lake bottom would tend to obscure rather than 
to emphasise these features 

If detailed instead of general relationships are studied, the 
parallelism is even more striking as may be seen by an examin¬ 
ation of Figures 14 and 15 In Figure 14 the twenty-one foot 
depth-hne of Pelee Island has been traced and around it have 
been drawn straight lines parallel to the prmdpal jomt direotionB 
The parallelism seems altogether too pronounced not to be due 
to some defimte cause. Further attention is called to the very 
striking parallelism of the indentations at the southern and 
southeastern parts of the island. It should perhaps be stated 
that the twenty-one foot depth-line was chosen rather than the 
shore-line in order to avoid, so far as possible, modifications of 
the shore-lme due to wave action 

Figure 15 is a representation of North Bass, Middle Bass and 
South Bass islands treated m the same way The parallelism 
of the twenty-one foot depth-line and the principal jomt direc¬ 
tions 18 perhaps even more stnkmgly shown here than m the 
case of Pelee Island. It should be recalled that the joint direc¬ 
tions employed are the ones found on Pelee Island Whether or 
not they are the same as those iriuch would be found on the 
Bass islands is unknown to the imter However, the apparent 
relationships shown in Figure 15 suggest not o^y that these 
would be found to be the principal jomt duections there, but 
also that they are the controlling jomt directions for the area, 
irrespective of what joint directions might be determined locally. 

a the foregoing data are sufficient, as tiie writer behoves they 
are, to establirii the control by joints, the question then b^ 
ctniMw; What is the agent (or agents) mvoh^ m the formar 
tion of the udtmds? Although the Uteratiue contains many 
papers upon the Ene basin, only one direct r^erence to the 
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Fio 14, ihowing the 21-foat Depth-Line aioiaid Pdee 
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Fiq. 16| ■homng tite 21-{oot Depth-Line around North Baes, 
Middle Baas and South Baaa Idanda 
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formation of tiie islanda has been found. Newberry* m 1874, 
after stating that the Laurentian Lakes occupy basma excavated 
m the plateau skirting the edge of the Canadian Highlands, the 
outlines of which have been “partially detemuned by upheaveal” 
and “at least partly excavated by a mase of moving ice," says 
“The islands at the western end of the lake (Ene) are remnants 
of hard Comiferous limestone beds raised m the hme of the 
great Cincinnati anticlinal. These mtorposed considerable re> 
Bistance to the action of the glacier and portions of them were 
left forming islands " 

Any other ideas as to the origin of these islands must be 
inferred from statements regarding the ongm of the Lake Ene 
basin Thus, Lesley* in 1881, in discuaaing a papn presented 
by Newberry, stated that the glacier protected the ^e basin 
from erosion while it scratched the islands at the western end 
of the lake, thereby unplying that the islands antedated the 
glacial penod In the same y^, Claypole,* after attacking 
the glacial erosion theory, presented the nver^roeion theory. 

Also in the same year, Spencer* stated that three theories 
of the ongm of the Laurentian Lake Basms had been advanced* 
“(1) the basms of the lakes are geological valleys,* (2) the 
basins were excavated wholly or partly by glacieivaotion, (3) 
the basms were excavated by atmosphenc and fluviatile erosion." 
He concludes with the statement: “The lake basms mo valleys 
of subaenal and fluviatile erosicm" 

Later, Spencer* presented an elaboration of these views 
before the Qeological Society of Ixmdon In commenting upon 
the paper Professor Seeley* said that he did not ttitnir tbat 
the ancient valleys had been excavated any more by nven 
by ice, but that the Laurentian Lakes followed the oubwopa of 
the strata sufficiently to suggest that the lakes were originated 

> J 8 Newberry, Proe. Lye Not Nm See, N.Y, Seeoni Ser . 1874. 
pp 136-138 

* J, P. Lesley, Free Am, PhU. Bee , XX (1881) 100 

* £i W Claypole, Free, Am Aeeoe Ade Set,, XXV (1881): 137. 

• J W Spenoer, iWA, p 131. 

' Quart Jeum, CM, Sie Lon, 46 (1880) 335 

• /but, p. 338 
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by earth movements and that he beheved that the mam work 
of excavation was attributable to marine denudation 

Of the four theones of the origm of the lake baams suggested, 
one, namely, that they are geologieal valleys, can scarcely be 
thought to apply to the origin at the Ene Bann The other 
three mvolve erosion, either by ice, miming water or waves, and, 
although definitely stated only by Newberry, would imidy that 
the islands at the western end of Lake Ene had been formed by 
some one of tho agents. The consensus of opinion seems to be 



that stream erosion has played the most important part m the 
formation of the Ene Basin and fiimefore of the idmids. The 
wnter would like to suggest another possible ongin for the 
iriands, namely, faulting. 

Let us then consider the evidence in favci* of each of these 
two theories. 

Spencer V worked out a system of preglaciid dnunage hues 
(Fig. id) for the area of the Great Lakes and subsequently a 
somewhat different system was worked out by Grabau' (F% 17). 

' J W Speaoer, Am. GMeput, VII (1881) 78. 

• A. W Chabau, Sutt./f. Y Sket Mu$„ 46* (1001). 44. 
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A comparison of these drainage plans with the ]omt directions 
observ^ on Pelee Island is interesting It is to be noted that 
in both instances there is a decided paralldism with some of 
these joint directions, although the drainage is quite different in 
the two plans 

Spencer does not give any reason for the drainage plan which 
he presents Grabau, however, believes that the main streams, 



which trend approximately N 45* E., are consequent streams 
formed on a southwesterly alopmg, Tertiary peneplam and that 
the subsequent branch streams which developed at nght w-n j^An 
had their position fixed by the strike of the soutiiwestward dip* 
pmg strata. These Streams, therefore, had a general N. 46* W. 
trend. 

It seems to the wnter that these duectaons of the streams 
may have been determined, at least m part, by the pnncipal 
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joint diroctiona or even by faults Hie drainage plan of Spoioer, 
particularly at the eastern end of Lake Ene, is especially sug¬ 
gestive of this Even stronger evidence of joint or fault control 
of these preglacial streams is suggested by papers by Hobbs * 
and Pirsson,‘° both of which show that the present drainage 
hnes in Ontario exhibit predominantly the N. 45° E and N 45° W 
trend, which they assign to joint or fault control. This parallel¬ 
ism of the present and preglacial drainage is suggestive of the 
same control in both instances 

In support of the idea that faulting may have played a part 
in the formation of the islands at the western end of Lake Ene, 
the evidence must be largely circumstantial as no actual dis¬ 
placement of the beds has been observed There are, however, 
several Imes of evidence strongly suggestive of faulting Coste ” 
has stated that m the Gosfield gas field on the mam land north¬ 
west of Pelce Island there is a fault trending west-northwest 
and another at nght angles to it. These directions would cor¬ 
respond to the N 70° W and N. 15° E. set of joints. 

Additional evidence of faulting is possibly afforded by the 
correlation of the unsatisfactory well logs available Thus it is 
found that in one of the wells drilled on one of the 'rock islands' 
to the south, gypsum appears at 660 feet and is absent below 
740 feet, whereas m a well recently drilled between Hie ‘rock 
islands’ and where solid rook was not encountered until a depth 
of 125 feet had been reached, gypsum makes its first appearaQW 
at 890 feet 

In conclusion it must be stated^ that at present the evidence 
IS insufficient to determine the agent formation with reason¬ 
able certainty The writer behoves, however, that the evidence 
is amply sufficient to indicate the strong ii^tienoe of joints, 
iiraspective of the agent. 

DNivsaBRT or Micno&N 

' Wm. H Hobbs, Wtt, Atad 5»., Arts mi Ii$U<n, Vol 16 (1905), 
nate III Also, Biifi OM Am Am, Vol 22 (1010), FVgs 26 rad 26 

<* L V PinMim, Am Joum Ad. Vol XXX (1010), Fig. 1, p. 26 

» IBilgem Caste, Joum. Cm. Min. Imt., 3.74 




A “LACCOLITE IN THE AIR" 

LAURENCE M. COULD 


yi^PTER pointing out in hia memorable monogn^h cm the 
Henry Mountains that there are two sonee of laccohtes m 
these mountains, Gilbert^ speculates upon the possibility of the 
southern mountains, which represent the lower sone, having 
formerly possessed laccohtes of the upper sone He shows that if 
superior laocolites had existed, their removal by erosion would 
have been sure to leave behind them a record of the oondmts 
through which their lava was mjected. Naturally the disooveiy 
of such conduits, as for instance dikes, cannot be regarded as 
absolute proof of the former existence of a superior laccohte, but 
it demonstrates the possibility of such structures The summits 
and flanks of Mounts Holmes and Ellsworth have many dikes 
which have been regarded as subradiary features at the laccohtes 
beneath them, but Gilbert pmnts out tiiat it is quite possible 
‘that any one of them may formerly have led to anotter lao* 
oolite a^ve But Gilbert finally concludes “Upon such un> 
certain evidence no positive conclusion can be based, and it is 
vam to build laooohtes in the air “ 

In his studies m the La Sal Mountains of southeastern Utah, 
which lie about 85 miles north of east from the Henry Moun¬ 
tains, tile writer has found what seems to be the mcact structure 
which Gilbert had in mind by his “laccohte m the air.“ 

The La Sal Mountains are divided into three groups sepaN 
ated by sedimentary saddles. The structure of the end-groups 
IS faudy simple llie magma was mtruded mto the Cutler or 
perhaps between the Cutler and the Bieo, and the overlying 
beds were lyitunied. A great force and perhaps the major one 

* Gilbert, G. K., “Report on the Geology of tbs Heniy Mountune,” 
V 8, Otog. end Goal Sumy of tiu Bodey iH. Reyum (1887), pp 88-59 




Ltnatic Sketch to show the Structural R^ttonships at the head of Horse Can} on 
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m the doming of the strata over tiiese end-^groups was orogemo 
stresses m the nature of folding, for botii these groups are 
mtimatcly associated with anticlinal structures of the plateau 
country. In the central group there is no evidence that the 
mtruBion was influenced by orogemc stresses and the structural 
features are more complex than in the end-groups Here there 
seem to have been two horizons of mtrusion, one above the 
other The sediments are found to dip away from the center 
of this group at an angle of about 5 degrees When these 
dipping beds are followed to the igneous cotes it is found that 
the main part of the igneous masses are above these strata 
Wherefore it appears that the doming of these strata has licen 
induced by an intrusion not exposed In case of Mt Mellenthin 
of this group this suggestive relationship is clearly displayed 
One can stand on the west side of Horse Canyon which heads 
against the west side of this mountain, and look across the can¬ 
yon to the east to a surprisingly perfect section of a “laccohtc 
m the air ” The dike feeders through which the magma rose 
are clearly exposed and can plainly be seen cutting upward 
through the McElmo and Dakota formations into the Mancos 
shales where the magma spread laterally and also domed up 
the superior beds The presence of masses of shale m the por¬ 
phyry and the nature of the injection of the porphyry mto the 
shales, together with a consideration of the attitude of some 
outcrops of this shale north of the mountains, mdicate that 
the Maneos formerly constituted the cover of the mountam 
and may also have possessed small interbedded sheets of por- 
phyry, which have smcc been eroded away Figure 18 is traced 
from a senes of photographs taken from the side of Horse 
Canyon opposite Mt Mellenthin It not only ghows the genetic 
relationships between the dikes and the mam mountain mass, 
but it also shows how the floor of the mountain is dipping up 
toward south. A careful study of the structure of this entire 
group indicates the probable existence of a buned laccobtic 
body bebw those now exposed The thiekest portion of this 
buned mass lies near the center of the group or to the south of 
Mt. Mellenthin, hence the attitude tiie beds exposed below 
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the baae of thia mountain. A general survey of the structure of 
this group suggests that there are two horuona d mtnisions — 
two sones of laccohtes, one above the other after the fashion 
which Gilbert suggested may have formerly obtained m the 
southern laccohtes of the Henry Mountains. 

Univbbsitt of Miohiqan 
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Past I. GENtxtAL 

EABLY EARTHQUAKE THEOBT 

Scriptural doctrine —The Bible lands were among those 
racked by earthquake, and the explanation offered in the Bible 
was one common at the time, namely, that God was displeased 
with hiB creatures and was visiting punishment upon them The 
imagery of the Old Testament reflects this feehng “Thou hast 
made the earth to tremble, Thou hast broken it, heal the 
breaches thereof for it shakcih,” is the description in the sixti¬ 
eth Psalm. In the one hundred and fourteenth PSalm we 
read, “Tremble, thou earth, at the presence of the Lord, at the 
presence of the God of Jacob, which tumeth the rock into a 
standing water, the flint into a foimtam of waters," the foun¬ 
tains of water being a cliaracteristic phenomenon of all earth¬ 
quakes. and there follows the mevitable, “0 God, . . Thou 
hast been displeased* 0 turn Thyself to os again." 

Anaiotelian vino —The Greek philosophers were familiar 
with the earthquakes of the Mediterranean region and the view 
of Anstotle, endorsed as it was by the geographer Strabo, has 
come down to us, and with some shght modification it has sur¬ 
vived in a quite modern theory which until withm a score of 
years was regarded as standard doctnne. Anstotle conceived 
earthquakes to be brought about by air unpnsoned withm sub¬ 
terranean cavities, and by its struggles to escape this air caused a 
shaking of the ground. Begions where ihere were many oaves, 
such as Achoea, ESuboea and Sicily, were, as Anstotle well knew, 
especially subject to earthquakes. 

The Anstotolian idea was well expressed by Shakespeare, who 
makes Hotspur say to the boastful Glendower: 

O them the earth shook to see the heaveos on fireg 
And not w fear of your nativity 
Diaeaaed nature oftentimes breailca forth 
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In Rtranite eruptions, oft the teemmii earth 
Is with a kind of colic pinched and vexed 
By the impnaonuiK of unruly wind 
Within her womb, which, fur enlargement atnving, 

Shakes the old beldam earth, and topples down 
Steeples and moss-grown towers 

The suggested connection of earthquakes with volcanoes in 
this passage from Henry IV has been common, as is clear from 
the almost hopeless confusion in most of the early writings 
which deal with earthquakes and volcanoes 

Von Uumboldt’a idea of safety-vtdves —Alexander von Hum- 
bolt made the correct observation that although there were earth¬ 
quakes usually connected with the eruptions of volcanoes, such 
earthquakes were by comparison with the devastating earth¬ 
quakes of history relatively weak and insignificant He con¬ 
ceived the volcanoes to be, therefore, a sort of safety-valve for 
pent-up gas imprisoned within the earth, which following the 
Aristotelian view he Ix'licved to be the cause of earthquakes 
Modem dress of Anstotte’s doctrine, MaUet, 1862 —The an¬ 
cient view that earthquakes originate within a cavity or focus 
wherein gases are confined, was given a modem dress as a scien¬ 
tific theory by an Inshman, Robert Mallet, who had invented a 
new type of mortar and had also made investigations upon the 
life of guns These studies had brought him much renown and 
had been of the greatest service to the Allies during the Crimean 
War of 1854-1855 When, ther^ore, m 1857 an earthquake 
devastated the kingdom of Naples, Mallet applied to the ^yal 
Society for a grant of money for tjie purpose of making a study 
of this earthquake. Apparently under the impression that an ex¬ 
pert upon explosives was by his training best qualified to study an 
earthquake, the Society readily granted his request, and the re¬ 
sults of his study were later published m two massive volumes 
beanng the title The Neapolitan Earthquake of 1867. When 
Mallet undertook this study the science of ph}rsic8 had recently 
been much advanced by the Dutdi physicist Huygens, who had 
introduced a new method for following the progress of harmomc 
disturbances travelling through media such as light through glass 
as sound through air. Mallet adapted this scientific method to a 
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study of tho progress of earthquakes through the outer layers of 
the earth, he further supplied teohnical names which have 
been widely employed even since hia theory has been discredited 
The supposed cavity or focus withm which the shocks were sup¬ 
posed to originate, Mallet called the centrum, and the pomt upon 
the earth’s surface duectly above it he named the ejneenirtm, at 
which point the shocks were beheved to arrive first and to be of 
the greatest intensity This scientific dress apphod to Aristotle’s 
theory accounted for its retention by scientists as orthodox 
doctrine for another fifty jrears, or until early m the twentieth 
century 


TRE UNIQUE FAUUT THBOBT 

Japanese earthquake of 1891, Kotd, 189S — Scientists are non 
well agreed that gases imprisoned within the earth are not the 
cause of the devastating earthquakes, though they may po'haps 
in part explain the relatively insignificant shocks which occur m 
connection with eruptions of certam volcanoes Students of 
earthquakes are also in accord m believing that earthquake 
shocks are in some way connected with the formation of breaks 
and resulting displacements of the rooks at and near tho surface 
of the earth. Iliis change of viewpomt has come about from 
studios of earthquakes which have occurred within the last third 
of a century 

The great earthquake of 1891 in the Neo Valley of Japan was 
the first to supply striking photographs of changes produced at 
such tunes in the surface of the earth, and th^ photographs 
came quite generally into the hands of scientists * Thou|^ they 
product a profound impression they did not immediately dis¬ 
credit the centrum theory. The pictures showed that for many 
miles across the country a fracture of the ground appealed at the 
time of the earthquake, and that along this fracture the land 
upon one side had been raised rdatively to that upon the other 
by as much as eighteen feet at one place; edule at other places 

* John Milne and W K Burton, Pnfeeaon m the Impenel Univem^, 
The Great Sarihqvake m Japan, 1891, 80 photogmvuieB, plates, and iniu> 
with deeeiiptmw. Lane, Cnwford and Go, Yokohama (no date). 
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though noithor side had been raised or lowered in reference to the 
other, the two sides of the displacement had shpped past each 
other m opposite directions along the surface of the ground a 
distance of the same order of magmtude as that shown by the 
vertical displacement. It did not admit of doubt that these 
scisaor-like movements of the ground, whether up or down or 
along the surface, had been sudden and violent and bad, more¬ 
over, been connected with the jolting movements to which the 
term earthquake had been apphai.* 

Htndiistan earthquake 1897, Oldham, 1899 —Six years 
later occurred the great Assam (Hindustan) earthquake which 
was also carefully studied.' In this case though a small part 
only of the affected area was exammed, there were found no 
less than three fracture displacements (faults), and the maximum 
vertical displacement measured was about thirty-five feet 
The likelihood is that a numlier of other faults were produced 
at the surface, though the localities were not visited by any 
representatives of the scientific personnel of the Indian Survey 
Stress was, however, laid upon one plane only of fracture and 
displacement, and t^s was beljeved by Oldh^ to be a thrust 
on a plane of low angle to the horuon. 

THX THEORY OF UOVNTAtN GROWTH, DB UOHTB8BUB, 1006 

Two earthquake gtrdlee — The late Count de Montessus de 
Ballon published m 1906 the results of an exhaustive study of 
the distnbution of earthquakes, as a remit ci which be reached 
this conclusion 

The earth’s orust quakes almost ui equal amounts and almost entuelv 
along two stiaiidit lonea which lie along two great mroles fin the geotnetno 
sense) which make an angle with each other ot about 67* —’ Idie Mediterra¬ 
nean or Alps-Caucasus-Hlinalaya oircle (83 54 per cent of the earthquakes), 
and the oiraum-Pseific or Andea-Japan-Malajr emde (4108 per cent of the 
quakea) Ihese two sones conespond with the two most important hnea 
of ri^ of the temstud surface (fig. 10). 

* D Kdt6, '*On the CSause td the Cheat Earthquake m Central Japan, 

1891," Jaum, CoOtge SeL Imp Unw,, Tokyo, voL 8, 1893, pp 265^88, 
pla. 28-88 __ 

* It. D Oldham, “Beport on the Cheat Earthquake of 13Ui June^ 1807," 
JfsSi, GeoL 8vn Indut, Calcutta, voL 29,1899, pp. 870, pla 42, mapa. 
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Mesozoic geosyndtnes — Dr. de Monteasus furthur concluded 

Tho 2 oncB, the seiamic regions, coincide exactly with tho gcoRynelmes of 
the Secondary epo< h 

The goosvuchncs — the most mobile bmidH of the earth’s surface — where 
Uie sediments have been deported in the greatest thickness, have IxMm 
energetically folded, dislocated and elevated m the Tertiary epocli, at the 
time of the formation of the principal cxistmg mountain chains, including 
aithm themselves, with two or three doubtful exceptions, nearly all tho 
ROismu regions, which in consequence charactense them 

The folded architecture of the geosynchnos is unstable, in contrast to the 
tabular architecture of the oontmental areas, and this has with much 
probability been true of all the geological epochs ^ 

Wo have hero, then, a very clear statement that the earth’s 
two zonr^s of earthquake of the pn^nt time, including together 
BE they do 94 62 per cent of all recorded earthquakes upon the 
land areas, are the zones within which the thickest lenses of 
sediments were deposited during the Mesozoic era, and where 
also, beginning in late ('retaceous or Tertiary time, ranges of 
mountains have been in process of erection It is further pointed 
out that this zone of folding is much dislocated 

ADJUSTMENTS WITHIN A FAULT MOSAIC AS COROLLARY TO 
MOUNTAIN GROWTH 

Tarr and MarUfif 1906 — In 1899 Thoroddsen printed in tho 
Icelandic Langnage an account of the earthquakes which oc¬ 
curred m Southern Iceland in 1806, and in which five separate 
earthquakes hod shaken in succession each of five contiguous 
earth blocks ^ In 1906 Tarr and Martin * clearly demonstrated 
that the earthquake of 1899 along the base of Mt St Elias 
was a renewal of mountain growth along the shore of tho 
Yakutat Bay in which large vertical adjustments measured in 
ten’s of feet took place between the large blocks within a fault 
mosaic, and that movements of smaller magnitude occurred be- 

* F de MontcASUB dc Balloie, Trembtements de Ttee," O^ographe 
Siimclogique, Cohn, Pans, 1900, pp 24-25 

■ A Oermon abstrapt of Th Thorodda^’B paper appeared in vol 47 
(1001) of Petermonn’B MU4eUungen 

• R 8 Tarr and L Martm, “Recent Changes of Level m tho Yakutat 
Bay Regjbn, Alaska,” BttU 8oc, Am , vol 17, May, 1006, pp 20-64, 
pie. 12-25. 



264 


WiUiam Herbert Hbbba 


tween smaller blocks which were parts the larger and com¬ 
posite ones. This study is therefore one of the most important 
and satisfactory that has ever been made of a great earthquake. 

Hcbbs, 1907 — In 1905 the writer earned out a oompre- 
hensive study of the great Calabrian earthquake of that year 
with the result of showing that even where actual faults are not 
disclosed by escarpments or other displacements at the surface 
of the ground, their course may be followed often m great 
numbers as setsmotecfonic lines — lines of heavy shock ^ These 
Imes, as the examination of earlier earthquakes within this much- 
racked province clearly showed, have been repeatedly the seats of 
movement. In the same year ^e writer pointed out m a dis¬ 
cussion of seismic searwaves that those mdicate a deepening of 
trenches on the sea floor at the time of such waves, when the 
n^ghbormg coasts are usually elevated To cite 

Such depressions of the drops and uplifts of the neighboring shores prob- 
abIy«Btand m some sort of balance, and both alike rail for an initial teoessKm 
of the water from all noar-Iying shores toward the area of depression at t^t 
instant when the movement ooours. Such a masa of water as would pile up 
over the depressed area of the soorfloor os a result of the mrtish of water 
from all sides, should be later spruad in all directions and roll m to inundate 
the shores' 

At the time it was written this explanation seemed to call 
for mass movements upon the floor of the sea too large for ready 
acceptance by geologists, and the view appeared to find little 
support. Sixteen years later, nothing daunted, the writer hod 
the temerity to state his belief that "the floor cd the ocean has 
undergone sudden changes of elevation measured not in tens of 
feet, as have the sones of unrest upon the cemtinents, but rather 
m hundreds and even thousands of feet"* WIthm a few 

’ WiBum Herbert Hobbs, "On Some Prmci|doB of Soemie Geology, 
with ea Introduotioii by Eduard Suess,” OtHand$ BmMlge svr (TsopAunlb, 
Leipsig, voL 8, 1907, pp 217-292, jA 1 and 10 figs "The Qeoteetonic 
and Qeodyaaiiuo Aspeots of Calabna and Northeastern Sieily, a Study in 
Onentation, with an Introduotion by the Count de Mnnis ei w w de Ballm.” 
i6td, pp 298-862,10 pis and 3 figs 

* W H. Hobbs, BartKeuahw, an InsndueHm to Seatme (Mon, Apple- 

ton, 1907, ohap. XV, especially pp 268-254 ^ 

* '"nie Bate of Movement in Vertleal Earth Adjuetmeate 

with the Growth of Mountains," Pne Am PM See, voL 62, 19 28 , p 7B 
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months came the great Japanese earthquake m ooimection. with 
which there occurred a seismic sea-wave, an elevated coast, and a 
sudden adjustment of the floor of Sagami Bay off the coast 
The volume of the area dropped measured some 50 cubic kilo¬ 
meters and the amount of the drop measured over large areas 
50 fathoms or more (300 feet) 

Willard D Johnson, 1907-1910 — In the early spring of 1907 
at the writer’s suggestion Mr Willard I) Johnson undertook a 
field-study of the scene of the Owens Valley earthquake of 
1872 Thu occurred within a desert region of California in which 
the dulocations had suffered little change in aspect withm the 
subsequent thirty-eight years For the first tune in history an 
accurate map was prepared of a fault network which had suffered 
a mosaic-like adjiutment at the tune of an earthquake ** 

Setsmte World Map, 1916 — The map of the unstable re¬ 
gions of the earth’s outer shell which had been issued by De 
Montessus in 1006, revetUs two narrow great-circle girdles (see 
p 262, Fig 19) The introduction of instrumental methods with 
use of the modem seismograph has enabled seismologists to ex¬ 
tend their studies to the floor of the oceans The Seismological 
Committee of the British Association publuhed m 1916 a com¬ 
prehensive world map of great earthquakes instrumentally 
located for a ten-year period (1899-1910) >* This m»«-p (Fig 20) 
upon a quite different basu confirmed that of De Montessus 
concerning the twin girdles, but showed that these zones extend 
outward from the margins of the contments into the sea and 
include the trough-deeps upon the sea floor. The zone of 
maximum instability, moreover, corresponds to the steep dope 

>> A. Imamura, “Preliminary Note on the Great liiii.rtJiqiinlM of 8 B 
Japan on Sept. 1, 1923,’’ Stumoloewal Notes, No 6, Imp Barthq Invest. 
Comm., Tokyo, July, 1934, p 16, pi 4 T Kato, “Preliminary Notes on 
the Kwanto Earthquake m Japan, September 1, 1923,” Jown Goal Soe. 
Tokyo, vol 30, No 861, p 8 

» W. H Hobbs, “The Earthquake of 1872 in the Owens Valley, Coli- 
fomia,’’ Oorlands BeUrOee our Oeopkyatk, vol 10, LeipBig, 1910, pp 361-884, 
pis, X-XXHI (Read before the Association ot Amedoan Qeogiaphne at 
Chicago, December, 1907) 

u H. H Turner, and others, gOth Rept Seumol Comm, Boot. Brit. 
Atto, Manoheatsr meeting (1018) 1916, iqi, 82-79, pi 1. 
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which joins the mountain arcs of the coasts and islands to the 
deeps which he parallel to them The identity of these special 
earthquake girdles with belts of mountam growth — of wnnkled 
formations upon the earth’s surface — seems thus to be con¬ 
firmed from a new quarter 

Magma Pocket below and vent above mrthrvmnklee —Geolo¬ 
gists no longer generally believe, as formerly they did, that tlie 
earth’s interior is molten The source of the molten rock 
(magma or lava) which issues from active volcanoes is now be¬ 
lieved to come from reservoirs which are relatively small. There 
are grounds for believing that these reservoirs are located beneath 
the arches of the mountains Though the earth’s mtenor is 
believed to be hot enough to melt the rock were it at the surface 
of the earth and under air pressure only, the rock is believed to 
be kept rigid by the load upon it The formation of the wrinkle 
at the surface of the earth lifts this load and thus permits a 
magma reservoir to form beneath it, and above this reservoir the 
volcanoes naturally develop 

Omori’e law of geographical smxeman of earthquakes within 
girdles — The late Professor Omon, distinguished Japanese seis¬ 
mologist, has given his adhesion to the view that the earthquakes 
withm the great girdles of the earth are connected with mountam 
growth It was in 1907 m his report upon the California earth¬ 
quake that he called attention to the geographical order of 
succession of earthquakes within the earthquake girdles An 
earthquake which occurs withm any section of one of the girdles 
may be regarded as relieving the stram by transfonnmg potential 
mto actual energy, tins relief being partial only beyond the area 
oharactenaed by heavy shocks The greatest probabihty of an 
unpendmg earthquake applies, therefore, to those sections of the 
gudle which are farthest removed from regums *of recent reh^ 

Earthquake prediction — Upon this assumption after the Cali¬ 
fornia earthqui^e m 1906, Professor Omon predicted on August 
4, 1906, just before he sailed for Japan that the next earthquakes 
within the oircum-Paeific gudle would probaMy occur south of the 
equator — m South Amenca. BeSan his ship had reached Japan 

u EorOi Etolvtum and Its Foetal Expresston, 1021, chapR 3-5 
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occurred the great Valparaiso (Chile) earthquake of August 17, 
and upon the same day the great Aleutian (Alaska) earthquake.” 

Utilizing the Omon suggestion, the writer in 1909 predicted 
that '‘the zone in which the probability of heavy shocte is now 
most imminent, are the Japan^Eamchatka segment, the Peru* 
Bdivia segment, and the archipelago region to the southeast of 
Asia/'” (See Fig 21) 

The mountain range does not, so far as our knowledge goes, 
appear to be forming throughout the circuit of the great circle 
hemming in the Pacific, but terminates m West Antartica and in 
New Zealand. It is in the New Zealand region, particularly, that 
future shocks may be looked for Tokyo was largely destro 3 red by 
earthquake m 1855 and agam in 1923 A heavy earthqualro 
visited the vicinity of Wellington, New Zealand, in 1855, pro¬ 
ducing a fault scarp which may still be followed at tlie surface, 
and it IB reasonable to suppose that a recurrence of movement in 
this neighborhood will take place in the not distant future 

After the meetings of the Second Pan-Pacific Science Congress 
held in Australia in 1923 and just before his lamented death, 
Professor Omon travelled in the writer's company from Sydney 
to Honolulu Referring to the great Tokyo earthquake which 
had occurred less than a fortnight liefore, Professor Omon told 
the wnter that he hail fully expected this earthquake to take 
place withm the Tokyo region, though not for another fifty years 
This statement of his illustrates well the possibilities of a fair pre¬ 
diction of earthquakes as to their general locality, at the same 
time that it exposes our limitations with respect to the time of 
arrival of these devastating visitations. 

SLASTIO REBOUND THEORT OF REID, 1910 

Theory stated. — When in 1906 America was first awakened to 
the understanding that an earthquake peril exists upon its Par 

M Y Omon, '^Prehnunary Note on the Cause of the San Frandsoo 
Earthquake of Apnl 18, 1906, **BvU Imp Earthq Intea. Comm., vol 1, 
no 1, Jon, 1907, pp 21-25 For later pxpiesBion of this view see ” Earth- 
quake Zones in and around the Pacific,” dnd, vol 11, no 1, pp, 28-32 

» ”Tbe Evolution and the Outlook of Seismic Qecdogy,” ^oc Am 
PhtL Soe , vol 48, July 6,1909, p. 32 
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sproduction of the vnter’s map published in 1909 to show the sequence of recent 
earthquakes at that time 

Fto 21B Map ^wing positions of subsequent large earthquakes 
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cific Coast, it had few scientists ^ho possessed a background of 
earthquake lore, as had, for example, the Mediterranean coun¬ 
tries of Europe and Japan It is unfortunate, therefore, that 
those who came to be ebaiged with the investigation of this 
earthquake did not endeavor to study the hterature of the sulv 
ject before wnting the report and supplying a theory of cause “ 
Reid’s theory of elastic rebound is based upon the assumption 
that tiliere was a single line of dislocation — the visible San 
Andreas rift or fault — and that the displacement along this 
plane was entirely m a honzontal direction, the area to the west¬ 
ward being supposed to shear upon that to the eastward This 
shearing strain, generated, according to the assumption, as the re¬ 
sult of a current or of currents within the subcnistal region on 
directions parallel to the San Andreas rift, dragged, it was be¬ 
lieved, the overlying crust along with them The strain so set up 
was believed to be relieved through rebound on the fault plane at 
the instant of the earthquake This theory has been further de¬ 
veloped by Lawson under the name ^'crustal creep and elastic 
rebound" theory 

Its tnadegiMicy — As already pointed out, the elastic rebound 
theory of earthquakes is a reversion to the notion that within any 
district an earthquake is the result of a slip on a unique plane of 
faulting, and this new theory was set up without any apparent 
attempt to fit it to other earthquakes Evidence of vertical, as 
well as honsontal, displacement along the San Andreas rift was, 
however, to be noted especially at Skinner’s Range where the 
writer among many others examined it It is perhaps true that 
the revealed displacements upon the San Andreas lift were pro¬ 
portionately more largely honzontal than m the case of many 
other earthquakes, but lateral diapIaoeznentB of the same order 

« See ffvU Oeoi 8oe. Am , vol 32,1321, p 46 

u H F Reid, “On Mass Movements in Teotome Earthquakes and the 
Depth of the Focus,” Gerlanda BetJhr s Geophyatkt Leipzig, vol 10, 1010, 
pp 318-351, also, Repl Siaie Earthq Intfest Comm, (Ciurneg Inat, Wash), 
vol 2, 1910, also, “The Elastic Rebound Theory Earthquakes,” BidL 
Dept, Qed , Vfm Cahf , Pyb , vol 6,1911, pp 413-444 

^ A G Lawson, ^'Thc Mobility of the Coast Ranges of Califomia, an 
Exploitation of the Elastic Rebound Theory,” BnU Dept Ged , Umv Cahf, 
jPub, vol 12, no 7,1921, pp 431-473,19 text-figs. 
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of magnitude combined with large vertical displac^ents were 
measured, for example, in connection with the Japanese earth¬ 
quake of 1891 and the Owens Valley earthquake of 1872. One of 
the most striking things about earthquakes is the almost monot¬ 
onous uniformity observed m the nature of the phenomena which 
accompany them 

Now that geodetic observations have been completed over a 
sufficient area of the southwestern United States to determine 
changes of position of triangulation stations since the locations 
made before the earthquake of 1906, it has been learned that 
these movements have been quite different from those claimed m 
the Cahfornia report to have taken place, 'the maximum move¬ 
ment recorded is now found to be, moreover, not even withm the 
region of the San Andreas rift Thus the elastic rebound theory 
of earthquakes, far from explaining earthquakes generally, cannot 
be made to fit the facts for the one earthquake to which it was 
originally applied 

Sekiya’a xmrea — Many years ago Professor S Sekiya under¬ 
took to represent the sequence of directions of sliook received 
at his earthquake station dunng a single earthquake with the 
result of showing that so complex are these motions that to rep¬ 
resent their directions and successions by a bent wire, it was 
necessary to employ three complicated snarls of wire in order to 
cover a minute only of tune Such a resvdt favors strongly the 
view that not one fault slip but very many on differently placed 
surfaces are the cause of the earthquake phenomena.** 

I 

OEMKltAX. BTATSMEMT OF FROBABU! CATI8B OF EABTHQUAKGS 

Proximate cause, — The proximate cause, or in common 
language the oocaaon, of earthquakes, so far as they occur 
within the earthquake girdles of tlto earth, would seem to be the 
formation of a fold or flexure within near«urfaoe earth strata, 
such flexure being incident to the erection of a range of growing 

Arthur L DaVi "The Study of Earth Movemeata m Califomis,” 
Address of the President of the WashuiRtnn Academy of Science, Jan 13, 
1026. Science, vol. 71, no 1678, March 27,1026, p 326 

** S Sekiya, “A Model to Show the Motion of an Earth Particle dunng 
an Earthqual^" TVonc, Seu 8oe Japan, vot 11,1887, pp 176-177, 1-3. 
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mountains of scalloped pattern accompanied 1^ a senes of 
parallel deep-troughs Such elevation of a mountain range is 
aocompamed as a natural consef^uence by pockets of lava be¬ 
neath the arch, and above these are formed a senes of vents for 
the escape of the volcanic materials, both molten rock and gases. 

If we omit the special characteristics, the proximate cause 
of earthquakes may be stattnl to be adjustments which take 
place in position or inclination of portions of the outer shell 
of the earth, and this broad general statraaent may be applied 
outside as well as inside the earth’s earthquake girdles Such 
adjustment on the basis of many observations implies many 
individual movements among blocks composing a fault-mosaic 

UUttnate cause, — The ultunate cause of earthquakes, the 
deep-seated reason for the changes brou^t about in the con¬ 
figuration of the earth’s surface, is by geologists generally be¬ 
lieved to be the continuous loss mto surrounding space ^ the 
heat from the earth’s interior portions This loss of heat is 
accompamnd by a reduction of volume, a shnnking of the 
mtenor core of the earth, and the outer shell of rook being al¬ 
ready cooled to a relatively stable condition must wrinkle as it 
adjusts itself The old illustration of an apple m late winter 
winch wrinkles from the loss of water and consequent reduction 
of volume of its interior portion, may still serve weU at the 
present tune. 

Pabt II. Eabtbquakiib or tub Eabtbrn Unitbo States 

'HIE BEGION A BEI<ATIVELY BTABUS ONE 

Hislortedl earihguakes of the region — Northeastern North 
America lies outside the seismic girdles of the earth (see 1%, 20 
p. 266) and at least smoe its settlement by EkitopeaiiB it has 
relatively seldom been vexed by destructive earthquakes That 
light shocks have not been infrequent within recent tunes, or 
since newspiqierB and the telegraph have been widely distributed, 
is, however, evident from compilations made by Rockwood.** 
In the state of Michigan alone withb this period some ten 

1 C. G. Sookwood, fourteen artielea in Am. Joum. Sa, bom 1873 to 
188S. 
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earthquakes have been put on record, the latest of which oo- 
cured February 28, 1925 ^ Contraiy to general opinion earth* 
quakes of devastating violence have also vuated the region of 
the eastern United States These greater earthquakes have 
seemed to have relation especially to the drainage basin of the 
Saint Lawrence River and Great lakes, to the lower Mississippi 
region of heavy deposition, or to the coastal plain east of the 
Appalachian Mountains. Accounts made between 1610 and 
1791 by the French Jesuit misHonanea from within the area 
reached by canoes about the St Lawrence River and lakes, 
show that earthquakes were felt withm that region m 1638, 
1661, 1663, 1664, 1665, 1668, and 1672, that of February 5, 
1663, described in the letters of Jerome Lallemant having been 
of devastating violence and probably comiwrable to the greatest 
earthquakes that are known The full accounts of the mission- 
aries translated and edited under the direction of the late Reuben 
G Thwaites and published in seventy-three vdiimee by Burrows 
Brothers of Cleveland, have been searched for earthquike data 
and the extracted results published by Rev Father (ktenbach of 
Cleveland ** 

In 1811 within the lower Mississippi Valley a really great 
earthquake generally referred to as the New Madrid earthquake 
was felt over a relatively broad area of the Mississippi Valley. 
For more than a century the region has now been generally 
quiet, but the scars of the disastrous disturbances of 1811 still 
arrest the attention, and this earthquake must be reckoned 
among the most severe of any t^t have been anywhere re* 
corded.** 

The Charleston earthquake of 1886, while of greatest intensity 

** W. H Hobbs, “Earthquakes in Miohigaa," Pilb 5 (Oeel Ser 3), 
Mteh and BteL Sun , Lansing, 1011, pp 80*67, 2 

" Twelfth 4nn Reft Meteanl Obtere , CoH St Ignatius at Ctevrland, 
Ohm, 1006-1007, pp 7-16 For an abndgsd sununary see the author's 
Barthquahea, Appleton, 1007, pp. 816-320 lawson seenu to be quite un¬ 
aware of this earthquake (BvU. Sets Soe, Am , p 180, — repnnts indicate 
no vohune or date) 

** Myron L Fuller, “The New Madrid Earthquake," Bull 406, U. 8. 
CM. 3un,, 1912, n>, 119, ^ 10, fipi. IST 
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m the vicinity of that Southem city, waa felt as far north as the 
City of New York All three of these great disturbances of the 
eastern United States were within areas far outside the seismic 
girdles which mark the earth’s zones of special instability 

If we look upon the earthquake of the late seventeenth 
century within and atiout the St Lawrence drainage basin as 
more or less completely relieving the strains which had quietly 
lieen accumulatmg within that area, and much leas completely 
the outside areas charaetenzed by lighter shocks, then the New 
Madrid earthquake of a century and a half later may be con¬ 
sidered to have accomplished a similar result for the large area 
to the south and west, the valley of the lower Mississippi 
Three-quarters of a century now elapse and the residue of the 
broad area, that to the south and east, finds relief during the 
earthquake of Charleston in 1886, with some rehef also within 
the outlying areas where no destructive shocks, but only jars 
and tremora, were felt 

Geological evidence is available from within the destructive 
area of the New Madrid earthquake, to show that an earthquake of 
devastating intensity and comparable m this respect with that 
of 1811, visited tho region at least one hundred years earlier 
Altogether, then, wo have the evidence that at intervals aver¬ 
aging a century or more, this broad region of eastern North 
America, usually looked upon as especially favored by its 
stability, has been visited by racking earthquakes of the first 
importance It is therefore necessary today to modify in a 
measure the views which have been generally held concerning 
earthquake distribution The fact that the settlement of Amenca 
by Europeans came so recently, and that of the throe great 
earthquakes known from the region, two belong to the early 
period of sparse settlement, pioneer scientific method, and im¬ 
perfect historical record, largely explain the failure to assign 
propiff values to these really great earthquakes 

Epetrogemc earthquakes of De Moniesatts — Dr de Montessus 
m a magurfirale posthumous work which came from the press m 

w C E Dutton, "The Charleiiton Earthciuoke of August 31, 1806,” 
Nmth Ann. Bspl V 8 Qeol Surv , 1889, pp 3(8-628 
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1924, has described a now class of earthquakes for such regions 
as he outside the earthquake girdles These earthquakes he 
ascribes to opeirogemc movements, up-and-down movements of 
neighboring sections of the eartii’s surface layers — and hence 
block movements which are unassociated with the folding pro¬ 
cess, as are those which occur within the earthquake girdles’* 
In this he clearly recognized that his two earlier volumes through 
laying especial stress upon the importance of the two earthquake 
girdles, ascribed far too little importance to those earthquakes 
which occur outside 

It IS easy to account for the earthquakes of the lower Missis¬ 
sippi Valley through the gradually accumulating load over the delta 
region and the lower flood-plain of this great nver. It has been 
estimated upon good authonty that 513 milhon tons of suspended 
matter are carried out each year to tidewater m Louisiana, and 
this takes no account of the vast load that is laid down withm 
the broad area of the flood-plam m the states of Arkansas, Mis¬ 
souri, Tennessee, Mississippi and Louisiana 

Coastal changes of level, which though extremely slow are yet 
recorded in the uplifted terraces of wide tread and small nse 
along the Atlantic coast of the country, may account for the 
Charleston earthquake of 1886 and the many light earthquakes 
felt along the Atlantic soalxiard A no less apparent cause for 
adjustment of the outer shell of the earth relates to the area of 
the Laurentian Great Lakes, and here fortunately we have a 
much greater body of evidence at our disposal 

Epeirogemc a^JustmetUs vnthtn Oreat Lakes area — During the 
latest — and present — geological period, the Pleistocene, con- 
tmental glaciers of an estimated thickness of between one and 
two miles, for a portion of the tune lay over northern Amenoa so 
as to cover at theur culmination the greater part of the area east 
of the Rocky Mountains and north of the Missouri and Ohio 
nvers Such a burden of ice must be ccmceived to have brought 
about a depression of the earth's surface withm the region, from 
which recovery would presumably be either wholly or partially 

* F de Monteasus do Ballon, La Otohofu Sumeiogteue, k$ Tremble- 
metUs de Terre, Colin, Psita, 1024, ohap L 
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obtained when the toe waned and finally disappeared The 
evidence is oonclusive that since the retirement northward of the 
latest continental glacier, the Laurentian drainage region has been 
undergoing an elevation which began toward the southern margin, 
has moreased in mnount toward the north, and is still continuing 
today at a somewhat rapid rate 

There is an extensive literature of the subject ” as regards the 
nature of the evidence of uphft, but the explanation of the earth¬ 
quakes of the region as a consequence of this uphft and uptilt of 
tiie land was, so far as he is aware, first made by the wnter m 
two related papers published in 1911 ** 

Summarized for the general reader, the available data whudi 
prove the uphft and uptilt of the Laurentian basm relate (1) to 
the evidence of already accomplished movement, and (2) to the 
evidence that this upward movement still continues and so may 
be invoked to explain the earthquakes withm the region 

The evidence of the already accomplished uplift and uptilt is 
derived from the present positions and mohnationB of the now 
abandoned shore-lmes of the system of great toe-dammed lakes 
which lay along the front of the continental glamor during its 
retreat These shore-lines, which were of course horizontal when 
first formed, ore now tilt^ upward toward the north at ang^ 
which increase rather rapidly as one proceeds north The uptilt 
has been likened to that of a trapdoor m the floor rotating upon 
its hinge, the binge-line for the Laurentian region taking an 
average direction m the noighboriiood of the Great Lakes of 
about 15‘ to the north of west The case is, however, not quite 
BO simple as this, for the mom hinge-line of the region has itself 
migrate northward smee the begmmng of -Um uptilt, and sec¬ 
ondary hinge-lines within the trapdoor itself ^ipear aim to have 
functioned. One may liken the complex movement m its main 
hnes to that of a tra^oor made up of several planks a9 parallel 

” The note important senes of papers are hy Gilbert, Leverott, Taylor 
and OoldthwMt. 

■* *'The Later Olaoial sad Post Qtfaeial Uphft of tbs Miobisaa Boafai; 
Earthquakes in Miohigao,’' AfwA Osot. and Bind Sun , Pub. 5 (fSaoL, Bar 8), 
Loiumg, 1911, pp 87, pis. 2 and 3, and figs 48 and 5. 
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to the mam hinge and each hinged to its neighbora, all hinges 
being or having been in action (Fig 22) 

We are now chiefly concerned, however, with the evidence 



Fio 23 Diagnua to ahow the nature of the Laiuvntian region aa the conti¬ 
nental glacier retired northward 


that uptilt of the land is still going on, and may therefore be 
responsible for the eurthqiiakra of the region The earbcst dear 
recognition of such present-day upiflt was made by a land sur- 
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veyor of Wisconsin, Mr G K. Stuntz, who in 1870 published a 
bnef paper on observations made by him in the years 1852 and 
1853 about Lake Supenor.^^ Stuntz had noticed that on the 
northern shore of Lake Superior there i^ero evidences that the 
land had recently risen, whereas on the south shore there were 
as clear signs of recent overflow It was as though one were 
to take m the hands a partly filled basin of water and by 
tilting it cause the water to withdraw' from one side, where in 
consequence the bottom of the basin rises out of the water, 
and to flood the opposite side* Additional observations from 
Lake Superior which confinned these observations by Stuntz 
were made by Lawson in 1891 The attention of geologists 
was first strongly directed to this tilting by Gilbert m 1898, 
when he investigated the senes of records of the several gauging 
stations altiout the Great l^kes and found additional confirmation 
of the uptilt 

Upon the south side of Lake Supenor in Michigan the evi¬ 
dences are especially easy to i*ead The nvers of this coast have 
estuanes especially marked m the stretch from Ontonagon 
westward At some points m the Porcupine Mountain dis- 
tnet the trees along the shore of the lake stand six to eight 
feet out from the shore in six to eight inches of water At 
other pomts where the trees arc at the shores, the waves 
are beating against them and removing the bark Here the 
lake has already encroached upon roads so that they have had 
to be abandoned.” 

Evidences of a somewhat similar nature to those found 
characteristic of I^ake Superior belong also to Lake Erie They 

» Q K Stuntz, **On Some Recent Geolomcal Changee in Nortiicaetem 
Wisconflin,” Proc Am Asmoc Adp Set, vol 18,1870, pp 200-^7 

w A. C Lawson, ‘‘Sketch of the Coastal Topography of the North Side 
of Lake Supenor with Special Reference to the Aban(k>ii^ Strands of Lake 
Wonen [L^es Nipissing and Algonquin, W H H,] Ann BepL Oed 
and Nal fixd Swrif Mmn , 1893, pp 181-289 

G. K Gilbert, “Recent Earth Movement m the Great Lakes Ra* 
gion/' iSth Ann Rept U S Oeol Surv , 1898, pt 2, pp. 595-M7. 

“ F E Wrtght, “Report on the Progim Made by the Porcupme 
Mountam Party dunng the Summer of 1903,“ Rept Oed Surv, Mich for 
im (1905), p 37 
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show that here also the tilt of the land is upward toward the 
north From the rate of flooding of the shores of Sandusky Bay 
Moseley has<»(tuaated that the rate of submergence on this shore 
18 2 14 feet per century 

Lake Michigan-Huron, for this i8 a single body of water, has 
its outlet at Port Huron far to the south and now to the south¬ 
ward of the hinge-hne of uptili Wore this not the case flooding 
of the Chicago shore of Lake Michigan and of Bay City shore of 
Saginaw Bay would be going on 

PosirgUxcial faults —E\idencc is at hand that faults have 
been an acoompi^iinent of the opoirogcnio movements which 
have been going on within this region The continental glaciers 
which in the yesterday of geology covered the region, planed the 
rock surfaces to a fresh polished condition upon which any sub¬ 
sequent displaccmcnf, even though of small measure, must 
revealed whenever diligently sought for No such search has 
been generally made, but alieady a considerable number of ob¬ 
servations widely scattered through the region have been put on 
record (Fig 23) 

Such post-glacial faults appear to have been first noticed by 
Mather ” at Copake, N Y near the common corner of Masssr 
chusetts and Connecticut Similar faults have since been 
described by Matthew® from St John, New Brunswick, by 
Chalmers" from many localities in the province of Quebec, 

** Thu ffi notwithstanding the fact that the present hinge-lino of tilting 
now croHBcs the northeiutom half of the lake. Gjltert’s earlier estimate 
the rate of uptilt {ISlh Ann Itispt U S Geol Surv, ISOS, pt 2, p 037), 
even as eoncoted by Lane (Oeol Sutp JI/tcA, vol 7, 1000» pp u m 

error and much too large, since ho conwnved the entire otoa about the 
hdum te bo tilting like a plane without recognizing the positions and the 
migrations of the hinge-hncs (Mick Oeol and Bud. Pub 5, Idll, 

pp 4)tMl) 

« W. W Mather, Gsologv of Nm York, on First Disinri, 1843, 

pp 156-157 

“ G F Matthew, “Movements of the Earth^s Crust at St Jolin, N B. 
m P<wt-<llacul Tunes/’ BuU Nat Hist Sac. New Bnmmck, no 12, 1894, 
pp 34-42. 

® R Chalmers, “Report on the Surface Geology and the Aunfemus 
Deposits of South-Eastem Quebec,” GeoL Sure Can, Ann Bept , vol 10; 
1897, pt. J, pp 10-12 
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by C H Hitchcock from Littleton, N H , by Woodworth ** 
from many localities m eastern New York and Massachusetts, 
by Lawson** from Banning m Western Ontano, by Hobbs 
from Sawyer, Wisconsin,*® and the French River m Central On¬ 
tano, and by Loomis ** from Mt Toby, Massachusetts While 
these faults arc generally small individually they are numerous 
and they grow large m the aggregate 

The faults of eastern New York liave been found chiefly along 
the lineament whiqli follows the Hudson River and its continu¬ 
ation northward The lineaments of the northeastern United 
States in their relation to the recorded earthquakes of the dis¬ 
trict as the data have been assembled by Dc Montessus have 
already been put upon record *® 

CONCLUSION 

The earthquake of February 28, 1925, was felt throughout 
the glacwted area of North America and at relatively few places 
outside It was peculiarly an earthquake of this Laurentian area, 
and it IB best explained as due to epeirogemc block movements as 
a result of continued uptilt of the area depressed dunng the 
periods of glaciation. The earthquake history of the region 
affords no warrant for the belief that the region of the north¬ 
eastern United States is to remain immune from destructive 
earthquakes. Such visitations, it may be assumed, will be far 
less frequent than earthquakes which occur within the great 
girdles where mountain growth is proceeding lustily, but there 

C H Hiteboook, "The Qeology of LittletoD,’' in HtHory of LtUUon, 
1906, pp 2&-29. 

" J B Woodworth, "Poat-Qlaoial Faults of Eastera New Yoric,” Bull 
mw 7 am Muaeum, 1907, pp 4r-26 , 

'* A C. Ijawson, “On Some Post-Olaeial Faults near Banning, Ontario,” 
BvU. 8nm6l Soe Am , vol 1, pp 169-166 

*» W. H. Hobbs, "The Late Olarial and FOet-Glaeial Uplift of the 
Michigan Baaui,” MwA and Btol, Swv , Pub 6,1911, p 48 

** W H Hobbs, “Post-Glacial Faulting in the Ptench Biver Distrust of 
Ontano,” Am, Joum Sa,vol 1,1921,pp 807-609 

** F B Lixmls, “Post-Glacial Faultmg about Mt. Toby, Massochu- 
aetts,” Bull CM See, Am, vol 32,1921, pp 76-80. 

** Bmtrdte aur Qeophytik, vol 8, 1907, pi 2 
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18 every reason to suppose that the future will bring to the 
rentian region earthquakes which are comparable m intensity with 
those of 1663 and 1811 So long as light shocks continue within 
the region, there is roasoti to believe that at least a partial 
relief from earth strain is being secured, and the date of the 
next destructive shocks w correspondingly removed farther into 
the future. Paradoxical as it may appear, the time for alarm 
will come whenever the region becomes abnormally quiescent 

UMlVBlliBlTY OF MICHIGAN 
April, 1925 



HEMATITE INCLUSIONS IN THE 
LAKE SUPERIOR AMETHYST 

t EDWARD F HOLDEN 


J^URING the course of an investigation on the nature of the 
pigment of amethyst,^ a number of specimens from the 
Thunder Bay district were examined This locality is on the 
northern shore of Lake Sufienor 

The amethysts from Thunder Bay frequently contain abun¬ 
dant reddish-brown spots. They are qiute small, with a diameter 
generally less than one millunoter The inclusions are of interest 
both because of their form and because of their relation to the 
color of amethyst They were identified as hematite, since 

(1) They have a red streak, and color the powdered amethyst 

a pale bnck-red 

(2) Analyses showed the spotted amethyst to contain com¬ 

paratively large amounts of iron One specunen con¬ 
tained 0 35 per cent FejOj, which was largely due to the 
inclusions, though a few hundredths of a per cent must 
have been contnbuted by the feme compound found 
to be the pigment of amethyst. 


t The writer of this paper, Dr Edward F Holden, mot his death by 
drowmag on August 5, 1025, at North Deer Isle, Maino He was bom on 
August 29,1901, at Woonso^et, Rhode Island He had been a member of 
the stair of the Department of Mineralogy of the University of Michigan 
since 1921 and of the Michigan Academy of Soienqs smite 1922 He was 
partioularly mterested m the cause of color m minerals and his mvestigations 
on the color of rose quarts, amethyst and smoky quarts have appeared in 
recent issues of The Amenean MiTwnUofftei Dr Holden was also one of the 
assistant editors of Chemical AbeiratlB and an associate editor of The Amer* 
icon Mtneralofftet His death removes from our membendiip one of the most 
prominmg of the younger scientists — EniTons’ Note 

* Reported before the Section of Geology and Mineralogy under the title 
"The Foments of Amethyst and Smoky Quarts," April 2, 1925 The 
present paper is a portion of the bnger and more general paper then given 

283 



284 


Edward F. Holden 


(3) The inolusions are entirely soluble m hydroohlone amd. 

The hematite inclueiona are distnbuted m definite planna 
parallel to and generally very near the surface of the ciystals 
In form they too circular, having the appearance of the cross* 
section of an oolite They aie not sphcncaJ, however, but are 
disk-shaped If a fragment containing some inclusions is tipped 
up, under the microscope, the hematite particles can be looked 
at edge on, and their thm, flat character is appaimit. A micro- 
photograph of a typical group of mclusions is given m Figure 24 



Fio 24 Mioniphotogrsph of Hematite Indiuions m 
Lake Superior Amethyst 

Hie speounons m which they occur have a pronounced lamoiif ff 
structure, parallel to the rhombohedron faces It seems probable 
that iron-beanng waters were included m the qiaoes between the 
lamellae, and on gradually evaporating they left the mclii si on s 
in the form just decribed. 

The investigation of a large number of amethyst ^lecunens 
has ehown that its pigment is very probably a compound of 
ferric uvn The distribution of the hnnatito incliMunTi g m the 
Thunder Bay amethyst confirms this hypothesis In these 
orystaJs the violet color was deepest for several miUimeters below 
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the thin layers of hematite inolufflonB, the rest of the crystals 
being white or colorless In most crystals there appears to be 
but one zone of hematite mclusious, but sometimes two or more 
layers are present. In a crystal with two zones of hematite 
particles the intervening layer of quartz was so dark a violet 
as to appear almost black The hematite inclusions are very 
close to the surface of most of the crystals These relations 
indicate that violet quartz began to be deposited when a suf¬ 
ficient concentration of iron was attamed in the mineral solutions, 
the quartz previously formed being colorless. As the amount of 
iron increased, the color became darker, and finally the dep¬ 
osition of hematite took place There is, therefore, a correlation 
between the abundance of iron and the violet coloration 

Univziisity of Michiqan 




GEOLOGY AS A FACTOR IN 
SOIL CLASSIFICATION 

J O VEATCH 

^OIL IS an object of nature in which differences exist and 
wherever man is able to perceive differences, he makes com¬ 
parisons and logins a classification although it may be uncon¬ 
sciously The classification may be crude, illogical, artificial 
when viewed in the light of later knowledge, but schemes change, 
undergo evolution and become more perfected as knowledge of 
the object to be classified accrues Ever since man became 
civilized and drew a great part of his sustenance from the culti¬ 
vation of soils, he has made comparisons or has attempted to 
classify them 

In the United States early comparisons or classifications 
have been purely local or provincial, never comprehensive or 
universal in their application Environment^ or mctemal factors, 
more often than intrinsic properties, other than perhaps a single 
peculianty, have been made the basis of comparison and rarely 
were distmctions made between land and soil Pioneer settles, 
farmers, agriculturists and naturalists made comparisons upon 
tlie basis of topography and drainage, natural vegetation, sod 
color, underlying rocks, agricultural use, and in vanous parts of 
the country we had upland and bottom land, hill land and level 
land, prauies and forest land, pine land and hardwood land, 
black lands and red lands, cotton land and tolncco land, granite 
soils, limestone soils, etc As the need for more exact compar¬ 
isons and classifications became appreciated, wOTkets m the sciences 
of chemistry, physics and geolt^ felt called upon to apply 
some of their knowledge and laws to the study of the soil We 
began to accumulate mc»e exact or scientific oompansons and 
knowledge in place of the utilitarian, spontaneous and more or 
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less obvious compansons. The chemist contnbuted essential 
knowledge ooncerning the soil, but as we aO know, his analysiB 
was utterly impracticable as a basis of soil classification. Tlie 
physicist provided facts quite as fundamental m relation to 
plant growth as those of the chemist, but physics could give us 
no basis for a universal system of soil classification The agron¬ 
omist viewed soils purely in relation to crop productivity and 
fanning and, therefore, could evolve no comprehensive qrste- 
matic scheme of classification 

The geologist, however, was able to provide a scheme which 
promised to have a universal apphcation and serve as a basis 
for the actual mapping of soils Soils were to be classified 
according to their geologic origin sedentary and transported, 
residual, alluvial, cumulosc, etc., while a close correlation was 
assumed between the soil and kmd of rock from which it was 
derived The geologic conception soils has been pretty gen¬ 
erally adopted and has exerted a strong mfluence in soil studies 
The early system of classification initiated by Dr Milton 
Whitney and the U S Bureau of Soils about twenty-five years 
ago, was essentially geologic, since soil provmoes were either 
geologic or physiographic, while origin and source of material 
were controlling factors in determming the senes and types, in 
conjunction with texture, color and structure of the sod. 

But now a new conception of sods, m their genetac and tax¬ 
onomic relationships, is beginning to gam acceptance among 
8 (h1 scientists in tl^ country. Hie two men who are chiefly 
credited with having evolved the new conception, or with greatly 
modifying old views, arc K Glinka, the Russian pedologist, and 
Dr. C. F. Marbut of the U S. Bureau of Sods Glinka published 
a book in German m 1914, Dte Typen der Bodenbtldtmilt In 
whudi his scheme of xmiversol sod clas^cation is presented and 
his theories of soil formation are outlmed m a comprehensive 
and masterly manner. Dr. Marbut was qmok to appreciate tiie 
basic worth of Glinka’s book, but witiiqiit accept!^ all of tile 
oonelutions, and began to dissnninate, in a quiet way, the 
Glinka conception of sod, which is m brief: Gkaate, not gecdogy, 
is the primary or controlling basis of sod dassifioation; the 
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moieture, or drainage, and temperature conditions are the wuMn 
controlling factors m soil development, the nature of the soil 
profile, the result of the action of chemical, physical and biotic 
agencies, differs in different climatic belts, and the age iff the 
soil — the matunty or on the other hand mcompleteness of the 
profile — 18 an important consid^^tion 

Dr Marbut * has defined the soil umt and named the cntona, 
or factors, which can be used m its differentiation He has 
established a principle which will have a far-reaching effect 
upon the work of the pedologist or scientist in sod classification. 
This principle is. The divisions and units of the soil dassification 
must be differentiated on the basis of mtnnste charactenstios of 
the soil itself. There is nothing illogical or radical in insisting 
upon the soundness of this pomt of view If one were to malm a 
proposal to botanists that trees be classified upon the basis of 
the B(»l in which they grew, the proposal would be ngbtly treated 
as nonsense, the mineralogist bases his classification of minerab 
upon their own intrinsic chemical and physical pcculiantieB, 
not upon occurrence in a certain geologic formation or in a 
certain physiographic province. Then is it not logical ranee 
plants, animals, rocks and minerals and othrar objects of nature 
are classified on a naturtd basis, the boras of mtnnrac peculianties 
and properties, that sofl also should be classified on this basra 
and not upon the basis of external and associated things, whether 
geology, climate or agriculture? 

In tile full acceptance of the foregoing viewpomts there may 
be a tendency at first to subordinate and ignore tiie geologic^ 
factor too far. Geology, however, remains an important factor 
and it is the duty of the soil scientist, or more puiioularly the 
pedologist, to evaluate it in each particular wegion or locality 
that he studiea. But, to state the matter rathw bluntly, geologic 
origin and source of material are no longer to be regaided as the 
pnnuuy and controlling basis of tiie soil classification. Climate 

* Mubat, C. F, "Contnbutions of Soil Surveys to Sewnoe,*' Promi- 
hugt, Anmnt Meeting, Soeiety for the Promofum tf Agneultmi Samee, 
1830, pp 118-ltt. Also Bull. HI, pp 34-84, Report, Beeond Annuet Med- 
ing, American BoUfhreep Auoeiaiion,Wt!b, 1930. 
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admittedly tranaccnda geology in importance as a cause of 
differences between the larger orders of the soil classification To 
give a familiar illustration, the broad differences between the 
soils of the northern regions, the podsols, and those of the sub- 
humid treeless regions, the tschcniosems, are a function of cli¬ 
mate, the geologic source of matenal is entirely a auliordinate 
factor In smaller subdivisions the moisture conditions under 
which the soil has developed, the age of the soil, and the degree 
to which the processes of ehmatum and tttumatton, leaching and 
concentration, have operated may lie controlling factors, but 
here geology generally appears as a modifying factor 

A close correlation between geology and soils, between a geo¬ 
logic map and a soil map, will depend upon whetlier the geologic 
divisions and the soil divisions arc of the same order, even were 
there no other causes for a lack of unity In general no corre¬ 
lation between a geologic formation and a single soil type could 
be expected, because the two divisions are rarely of the same 
order And again it is patently futile to attempt to establish any 
significant relationships where a geologic formation or group of 
rocks has a distribution in two or more climatic divisions To 
give an extreme illustration, the soils from a Carboniferous lime¬ 
stone in Alabama and Georgia and one from a Carboniferous 
limestone on the and plains of New Mexico would be qmte dis- 
Bunilar, even were the rocks identical in every respect Locally, a 
relation between texture and chemical and physical charaefens- 
tics of a soil type may be close or on the other hand almost non¬ 
existent, accordingly as geologic subdivisions arc made purely on 
a hthologic basis, or on the other hand, on the basis of age or 
fossil life forms, or in the case of glacial deposits on the basis of 
manner of deposition imd topographic expression 

It should be understood, however, that this relationship is not 
everywhere simple and that a mere statement of the kind of rock 
and source of matenal is not equivalent to a dcscnption of the 
soil. We know from extensive observation that the climax sod, 
the final product of the operation of aod-formmg processes, may- 
bear only a remote resemblance to the hthologic and physical 
aspect of the subjacent rock. This is particularly true undw 
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extremes of climate Even in a iegi<ni like Michigan, where the 
surface formations are glacial deposits and tiie land surface is 
relatively youthful, the structural and other resemblance between 
horizons of the soil profile and the underlying geologic deposit 
may be almost entirely obliterated, as for example m certam 
types of the Fox and Waukesha where the B horizon may bp 
highly compact, clayey and amd while the parent deposit is 
coarse, pervious, unconsolidated and calcareous Close consan¬ 
guinity between the rook and the soil may exist, but it can be 
traced only by intricate microscoinc, chemical and geologic study 
of both the soil and the rock, while the relationships must be 
worked out for each separate horizon of the soil profile, smce m 
each there is a different expression of the relationship In one 
instance the relationship may be marked m texture, m another m 
color, m another in chemical nature Only tiie very broadest 
generalizations, exceedingly difficult to formulate, can be made 
for universal application We cannot even state that umversally 
a ‘parent’ formation of sand will produce a soil unifimnly sand in 
textural class throughout In general, relationships are purely 
local m value Extremely scant information is conveyed about 
the actual nature of the soil itself merely to state that it is a 
‘limestone’ soil or a ‘granite’ soil, etc, unless the mfiuenoe of the 
rook IS interpreted m soil terms which is a task roqmnng labo> 
nous study and mental effort if it is to be done in more than a 
superficial manner If the object be a soil map, a more logical, a 
simpler and more direct roetliod is to work out the rod classifica¬ 
tion on the basis of the soil itself When this is done, oompan- 
Bons and relationships to rooks, vegetation, climate and agnculture 
may be made, and one may make whatev^ use of the relation¬ 
ships their worth may ment 

Again a close parallelism between the distribution of soil types 
and geologic formation depends upon the uniformity of drainage 
conditions, since if the drainage conditions vaiy throughout the 
geological terrane, it is quite probable that there will be as many 
soil types as there are drainage types. In a region like pemnsular 
Florida where climatic conditions have tended to make all the 
mature soils unifomi hthologicaily, that is dominantly siliceous 
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sand, regardless of the nature of the geologic formation underly¬ 
ing, the important surface soil differences are due almost entir^ 
to the drainage or moisture conditions under which the soils 
have developed But even here, however, as elsewhere, tiie 
geologic substratum may be an important factor m the soil 
differentiation where it lies at a shallow depth and within reach 
of plant roots 

It IS seldom that a geologic map can be mterpreted directly m 
terms of plant growth or seldom that it has a direct application 
to agnoulture, its relation to soil must first be worked out and 
thence through the medium of soil we may state the relation to 
plant growth and to agriculture. A near eqmvalency of the sur¬ 
face part of a geologic fonnation, or deposit, and a soil may exist 
m the case of veiy recent alluvium, recent volcanic deposits, re¬ 
cent beach deposits, recent dunes, some peat deposits — land so 
new that soU-forming agencies have not had tune to produce 
visible results Under such conditions the soil profile is immature 
and incomplete, and the pedologist amply desenbes the surface 
part of the deposit in soil terminology. 

In connection with the discussion of the completeness and 
mcompleteness of soil profiles, the postulation is here made that 
all soils are residual. Differences i^iqiear merely m the d^ree of 
alteration of the associated geologic formation ‘Hus applies regard¬ 
less of the geologic ongm and age of the rock whetW pre-Cam- 
bnan granite of the Piedmont plateau, Tertiary sand or marl of 
the Atlantio Coastal plain, the deposits of Wisconsm glaciatum, 
or a recent peat deposit The sand dunes on the east side 
Lake Michigan, which are geologioally veiy recent, exhibit meip- 
ient soil profiles and in fact m places a marked alteration of the 
sand appears Again oumulose or peat deposits may be divided 
mto groups, or organic soQ types, on the basis <ff degree of 
surface alteration of the parent oigamc deposit, or stated m 
another isray, upon the basts of the rdative age of the soil and 
omnpleteness or incompleteness of the ami profile One of tiie 
pnnmpal reasons trhy the olassifioation of r^hth givmi by 

* Georse P Merrill, Bodu, Book Womhoring md SoOo (MumtiiiUii Qo , 

1018), p 8B8 
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Merrill ^ fails when applied to soils is that all soils are m a stnct 
sense residual. 

The foregoing statements have not been made with a con¬ 
scious purpose to belittle or to derogate the importance of geo¬ 
logy in soil study. On the contrary 1 regard a knowledge of 
geology and physiography as a part of the essential equipment of 
the pedologist A knowledge of the geology and history of a land 
surface has a high value in working out academic reiattonships, 
facts of broad scientific interest, it constitutes a factor in the 
speculative study of soil, in deciiShenng the history of a soil, m 
tracing its evolution, in speculative studies upon the absolute age 
of a soil and the tune required for the development of a profile 
under different geologic and climatic conditions, the causes for 
the alteration and degradation of «)ils; in distinguishing between 
acquired and inherited characteristics, m determining tiic causes 
for distribution of a sod type withm the limits of a sod province, 
a detailed knowlec^e of the lithology iff the geologic formation 
which has had an infiuence upon a sod, greatly facditatea theo¬ 
retic explanation of some of the chemical and physical phe¬ 
nomena of honsons of the sod profile. In a strictly techmcal 
sense, the substratum constitutes a part of the complete sod 
profile, its C honzon, and, therefore, a oonsideratum of its nature 
18 unportant in the taxonomic study of the soil. 

Sme observations on the relationships of sod and geology 
with particular reference to Michigan may be given here A 
very excellent map of the surface formations of Michigan has 
been made by Leverett,' while recent soil surveys have been 
made of dghteen counties and m addition extensive reccmnais- 
sanoe studies eff the sods, have been made during the past four 
years. When the geologpo divisions and sod ^visions are com¬ 
pared we find that m association with morames, twelve sod 
series have been differentiated exclusive of mucks which may 
number three or four additional types, day itU platne, fourteen 
sods exclusive of mucks; outwaeh plaint, nine soils, exclusive of 
mucks, Uke day, nine sods exclusive oi mucks; tandy lake beds, 

* Flank leveiott, '^Surface Geology of Midugan," Pub 26, Miduyan 
Oedogtcal and Btohyted Svney, 1017. 



294 


J 0. Veatch 


fifteen soils exclusive of mucks, nver deltas, four soils It is, 
therefore, evident that no consistent relation, over a large area, 
lietween the geologic division and the soil senes or type exists 
The causes for this lack of close relationship are fundamental 
The mature soil and the geologic formation underlying are never 
entirely synonymous, because of alteration of the underlying 
rock by weathenng and soil-forming agencies The accompany- 
mg Table illustrates some of the changes which have taken place 
in geologically recent glacial deposits m Michigan in their 
transfonnation of soil 


Parent Glacial Defobit and Soil 


Parent * 

Holl 

Parent t 

Soil 


Cky 

percentage 

Ae Ai hofiKOii 

Clay 

perrontagf 

LacuB 
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CaO’MgO 

Ao At honion 

CaO- 

MgC 

Heddiab 
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28 2 

As horlxon 

6 0 

Cloy 

22 23 

Ai horliwm 

3 10 


28 2 

As hnriKon 

11 7 


22 23 

Aihonvon 

5 28 


28 2 

Biionson 

22 6 


22 23 

B horiBon 

D 10 


28 2 

C horjRon 

2H 2 


22 23 

C horiaon 

22 23 



Again, equivalency does not exist, because m general the 
peculiarities of soil types which are mhented from the subjacent 
formation are related almost wholly to lithologic character 
rather than to ongin, geologic age and manner of deposition 
If the geologist would further minutely subdivide the morames 
and other divisions upon the basis of hthologic vanatimis in the 
surface exposures, and after this is done were a still further 
subdivision made upon the basis of differences in dramage con¬ 
ditions, then the geologist’s map and the sod map would doubtless 
reveal a closer parallelism, provided recogmtion were given to 
climatic differences Our sod studies m Michigan have strongly 
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mgffestod that the generalized profiles in the northom part of 
the State are sufficiently different from those in the southern 
part to warrant the establishment of two broad soil divisions or 
provincial orders, and that those differences are climatic in 
origin True podsols occur in the northern part of the State, 
while in the southern part of the southern peninsula brown forest 
soils and degraded podsols are present 

In a glaciated region like Michigan, where the land surface 
is youthful, where there has been but little or no alteration of the 
constructional topographic forme, inherited sod eharacteristics 
are more closely associated with the subjacent formation than 
in an old non-glaciatcd eroded region A geologic map therefore, 
such as that made by I^everett, has a great value m pedologic 
investigations It is hardly to be expected that an outwash 
plain or a moraine or any of the other divisions of the same 
order would have the some meaning m soil terms throughout the 
w'hole State, liccause of the variations in hthologic character 
and in drainage However, when local interpretations are made, 
soil group-relationships may lie established, particularly textural 
groups, and hence, the geologic map may be very useful m 
reconnaisance soil-mapping and in working out problems of sod 
ongin and geographic distribution 

If detailed petrologic descriptions of the drift were avail¬ 
able, a quantitative estimate of the different kinds of rock m the 
moraines, outwash plains and till plains in different localities, 
together with chemical and mechanical analyses of the unaltered 
drift, the value of geology as a factor m the sod classification m 
the State would be greatly increased Additional knowleilge 
would be available which would be an important aid m our 
efforts to explain many of the chemical and physical phenomena 
of the sod profile But, however detailed a geologic map may be, 
however minute the description of the rook or formation, the 
map cannot be regarded as the eqmvalent of the sod map, 
because drainage or moisture conditions under which the sod has 
developed, the relative age of the sod, the number and arrange¬ 
ment of soil borisons, their thickness, their color, texture, 
structure, their colloidal content, their reaction, their organic 
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matter, their moisture relationships, their relative amounts of 
plant food elements are not a part of the geologist's cntena of 
differentiation The consideration of these things or smi taxon¬ 
omy and profile analysis in conjunction mth the origin, evolution 
and geographic distribution of soils constitutes a new science — 
pedology. 

Michiqan State CoLuoaB 
£abt Lansino, Michigan 



THE PAPACY AND HISPANIC INTERSTATE 
RELATIONS, 1195-1212 


BENJAMIN WEBB WHEELER 

p*ROM the eleventh to the thirteenth centiuy the evolution 
of the map of Spain shows, in general, a tendency for the 
states whose rulers were of Christian faith to occupy an mcreas- 
ingly larger area'of the Ibenan Peninsula, while the temtory 
ruled by Moslems grows correspondingly smaller Progress m 
this direction was, a! course, by no means steady or oonlanuous, 
but the temtoiy controlled by the Christian states was vasUy 
greater in 1200 tiian it had been m 1000 Although liie de- 
centrahsing or disintegrating factors whidi at bimes made the 
Moslem states an easier prey than Cbnstum neighbors, will not 
be discussed here, it is well to be reminded that the growth of 
the Chnstian powers was not the result of a crusade; that is, if 
by a crusade we mean a concerted effort in which elements of 
otherwise divergent interests were umted under the symbol of 
the Chnstian faith Out of the unconquered remnant of the old 
Qothic kingdom, several small dynasties had arisen Each was 
ambitious to iniaease its inheritance and was ready to do this at 
the expense of its weakest neighbor, whether Modem or Chris¬ 
tian 

At the end of the twelfth century the Chnstian states were 
five in number, Aragon, Navarre, Castile, Leon and Portugal 
Castile, Leon and Portugal were all ruled by l^ngs descended from 
Alfonso VI, king of Leon, Gahda and Castile from 1083 to 1100 
A tatter dsmaatio rivalry existed between Portugal uid Leon, for 
tile former had originally been estaUidied as a fief of the latter,* 
and had won the status of an indepmdant kingdenn througdi war 

> More atnotly as a fief of GdieJa, whioh nmained united with Leon 
from the time of Alfonao VII of Oaatile, Leon and Qalioia (ll!ia-1167) 

»7 
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and through diplomatic enlistment of pupal support The king 
of lioon was also a natural rival of his cousin, the king of Castile, 
whose vassal he nominally was In fact there cMsted a general 
suspicion of the king of Castile, for it was apparently feared 
that the pretensions of Alfonso VII to peninsular empire might 
be renewed. 

As a result the late eighties and early nineties of the twelfth 
century had seen a general alliance among the Christian states 
against C'astile An mterdynastic mamage temporarily lulled 
even the bitter strife between I-eon and Portugal/ and in 1195 
Alfonso VIII of ("astile (1168-1214) found himself isolated before 
the Moslem armies by whom he was bitterly deh^ated at the 
tragic battle of Alarcos (July 19) 

Although, as has been pointed out, the spirit of the crusade 
was not the leading factor in the stateemft of the Spanish 
pnnees, it is not to be left out of account entirely It afforded 
added zest to war against the Moslems and often served, to¬ 
gether with the hope of plunder or the promise of a fief, to 
bnng from Northern Europe the help of some adventurous 
wamor 

It IB said that the news of the disaster at Alarcos stunned 
Europe To estimate the effect of an event on public opinion is 
more difficult for the twelfth than for the twentieth century, but 
m the years immediately following the disaster there is evidence 
of a much more vigorous effort on the part of the reigning pope 
to unify the Christian pnnees against Islam 

On the 29th of March, 1196, Colestme III addressed a note 
to Sancho VIII, the duke of Navarre The divine wrath of 
God has permitted the infidel to win a victory over Christen¬ 
dom and there is need for concerted action among the Chnstian 
powers. Celestme has learned that San<ho has entered a com*' 
pact with the Moslems, agi^peing m return for an annual pay¬ 
ment to refuse aid to the Chnstian kings ‘‘at this cntical time'' 

* For an account of the ciToumstanoea mirrounifang this mamage and the 
questions of ehtondogy involved, sec Heroulano, Huiona de Portugal^ 2 67, 
and n 2 Schirrmacber, OeBchtchte van Spanten, 4 244 and 240 It ai^sears 
that the mamage was solemnued m the spring of 1101 and soon thereafter 
declared illegal on grounds of consanguinity 
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(in hvQus necessttaiis ariiculo) Ho urgea him to desert this 
alliance and jom with the ‘^kmgs of the Spams” (reges Ispanmrum), 
and especially those of Castile and Aragon, in an alliance on 
terms which he proceeds to specify The pact is to lie sponsored 
by ecclesiastical and lay digmtanes, headed by Gregory, cardinal 
deacon of Sant’ Angelo, Celestmc’s legate These are to see to 
it that an equitable division is made of any land captured from 
the Moslems The duke of Navarre is to be guaranteed free 
access to the Moslem frontiers for purposes of carrying war 
against them and also to whatever conquered territory may be 
allotted to him' Corresponding letters went forward to (Cardinal 
Gregory,^ to the kings of Aragon and Castile^ and to three 
Spanish bishops ^ 

To clinch the adherence of Sancho of Navarre to the cause of 
Christendom, he is dignified by the pope with the title of 'king’ 
and IS so addressed in a letter of April 22, 1196, wherein he is 
reminded that the added dignity of his new title entails upon 
huu a heavier obligation ^ 

Of all the Iberian states Navarre alone was cut off by her 
neighbors from contact with the Moslems Pinched between the 
relatively powerful states of Castile and Aragon, it w^as natural 
that she should find an ally m the more remote Moslem power 

In her policy of alliance with Islam she had a companion 
among her fellow-Christians With a relatively narrow frontier 
against the infidel and a long neck of temtory extending between 
an only temporarily pacified Portugal and a never-to-be-trusted 
Castfle, the king of I^n had sought to seize the opportumty of 
his cousin’s clash with the Moslems to lay hands on Castilian 
territory.® 

The maniage which m 1191 had united the houses of l^eon 

* Bull of Gelestme III, published by Fidel Fita, '^Bulas Bistoricas de 
Navarra/' Bckkn d» la Real Aeadmita de la fftslona, 26 (1825) 418-420 

* Ibid, pp. 420-423 (This letter is dated May the others are of 
March 20) 

* Pubhsbed by Fidel Fita, *'Bu]as Inedihis/' itnd , 27 (1805). 225-227 

* 227-229 » /5id,pp 220-230 

* Eodi^ de Toledo, De Bebus Hiep , quoted by Fita, ''Bulas Histonoas 
de Navarra,” op. at., 26* 417, n 2 
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and Portugal had promptly been ordered diasdlved by Cdestme 
III on grounds of consanguimty Failing to heed the divorce or¬ 
der, the kings were excommunicated and their lands subjected 
to an interdict * The separation finally took place m 1195 or 
early m 1196 In February of 1196 Sancho of Portugal was 
visited by the king of Aragon who was apparently acting as 
intermediary for the formation of a new albance In any case 
the natural course for Kmg Sancho to follow was to renew his 
long-standing feud with the king of Leon In so doing he ranged 
hitnsdf beside the king of Castile, who was still at war with 
Leon The enemies of Loon were further strengthened by a 
bull issued on October 31, 1196, preaching the crusade against 
the king of Leon and the renegade Castilian, Pedro Fernandes 
de Castro, who was believed to have been hugely responsible for 
the king’s alliance with Moslems To those bearing arms against 
them the same indulgences are offered as to those fightiqg the 
mfidel ” In April, 1197, the king of Portugal received further 
encouragement from the pope, who authorised him to keep 
whatever he could take from the outlawed Alfimso IX of Leon.** 

The effort of Celestme III to unify the Christian kings of 
Spam against the Moslem power had enjoyed only a limited 
success Navarre remained at war with Castile and Aragon and 
the legate Gregory fdt obliged to place an interdict upon her ** 
Portugal, however, became the ally of Castile m 1196 and Pedro 
II of Aragon, who came to the throne in April of that year was 
and remained until his death the staunch ^ly of Alfonso VUI. 

• /nn III Eput, Idb II No. 78, ed Bsluie, nprrated m Migne, 
Paint Lai , Vol 214 ools 610-615 

>0 Heroulaao, op, at, 2 75, and n 4 It u aigued (n 4) tiiat the earlier 
date u more pbunUe naee the kmg of Aragon, who eame to Ooimhm la 
February of 1196 to make oveituroa for a new alhanoe, must have known m 
advanoe of tlie ostraagemont It is posable, on the other hand, that the 
separation was the result, rather than the cause, of the Fortugum long’s 
mterast m the new aUianoe 

u Ueroulano, foe. at , Sehurmaohsr, op. eit, 4 267, and n 2. Both cite 
the Counbra Chronida 

x Bull of Celestme III, quoted by nta, “Bulas Historioas de Navarra, 
op eU, 26 423-424, also in 11 (1887) 457 

Bull of Celestme III la BrandSo, Monantua Ltu&unM, XII, o 

** Inn III Epat,, Lib I, No 92, Migae, op. oU, V(d 214, eoL 80 A. 
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Thus the alliance against CastUe had dissolved and of the five 
Chnstian states only two remained hostile to the victim of 
Alarcos. By the beginning of 1198 one of these two had entered 
the fold, for a marriage had been effected between Berenguela, 
daughter of Alfonso VIII of CastQe, and King Alfonso IX cl 
Leon, 

This marriage, however, was not to serve as a permanent 
guarantee of peace between the two kingdoms. Shortly after its 
contraction Oelestme was succeeded by Innocent III Surely this 
pope, with his ambition to increase the limits of Christendom, 
must have been ambitious for a tnumph of Chnstian arms m 
Spam But first of all his mterest was m the estabhdbment of 
ecclesiastical authonty and the enforcement of church law. His 
instructions to his legate. Cardinal Bamer, April 16, 1198, 
portray the situation The function of the mission is virtually 
described in the preamble as the *‘retetablishment of peace 
among the pnnees and the dissolution of iniqmtous umons” 
The latter, that is the dissolution of the consangumeous marriage 
between Berenguela and Alfonso of Leon, was tiie legate’s first 
duty. He is also charged with seeing that the kings make an 
effective peace witli one another and especially with the king of 
Portugal. In the third place he is to mvoetigate the mterdict 
placed upon the kingdom of Navarre on account of breaking the 
truce with Castile.'* In annulling the marriage alliance In¬ 
nocent met with stubborn resistance '* Not until 1204 did Be- 
lenguela leave her husband.'^ That did not end the trouble, 

» fM,79-8a 

M TbuL, lab H, No 7S, Mtgne, op at., Vol. 214, oob 610-6U, May 25, 
1199 The case is nvww^ m fUU The kmg of Leon havuig failed to re¬ 
pudiate hia wife was exeoimnimioated and an mteidioi laid upon his king¬ 
dom The longs of both Leon and Castile had sent ambassadors to Rome 
whose most oogent argument in favor of a rriaxation of tiie mterdict was 
that it hindered the cause of the onieads Innoeent did relax the extreme 
seventy of the mterdiot, but refused to remove it 

» /twit Ub. VII, No. 67; Migne, op oft, Vol 218, ool 845, May 22, 
1204 The arohbiahop of Toledo and oertam bishopo am mstruoted to ab¬ 
solve Berenguela who has now left Alfonso IX The kmg of Leon was 
similarly idisdlvBd, June 19, 1204 (/M, lib. VO, No. 04, Migne, op eU , 
Vol 218, od 876). 
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however Hostihties between Leon and Castile were renewed 
because of a dispute over certain castles with which the king of 
Ijeon had endowed his bnde These she and her father under¬ 
took to retain Innocent ruled that they should be returned, since 
themamage was properly no inarnage at alP^ A peace settlement 
was finally effected in 1206 accordmg to which the castles were 
to be debverod to the joint offspring of the iiiamage This 
settlement, however, was distinctly in opposition to Innocent's 
wishes, for it involved the recogmtion of Ferdinand who, ac¬ 
cording to his mterprotation, was bom out of wedlock and there¬ 
fore not entitled to any inhentance 

In every state of Spam Innocent effected a triumph of 
ecclesiastical authority, but m the larger affairs of the Peninsula, 
the preparation for the tnumphant national effort at Las Navas, 
his was a guided rather than a guiding hand His greatest serv- 

» rind, Lib II, No 75, and also Lib VH, No 03, Migne, op cU, 
Vol 215, cols 373'^76, June 20, 1204 The disputed castlra had been 
granted by tlie king of Leon to his bnde with the proviso that, should he at 
any time repudiate her, she should retain them This accounts for Alfonso 
IX’s unwillingness to repudiate his wife and Alfonso VIII’s unwillingness to 
take her bock on any other condition After the separation Alfonso VIll 
hud responded to Innocent’s order to return the castles with the subterfuge 
that they were occupied by his daughter, not by him Innocent orders ttra 
princess to deliver the castles to Leon or turn them over, m trust, to certain 
Spanish bishops until the matter can be settled by arbitration 

IB Treaty of peace between the kings of Ijeon and Castile (Peace of 
Cabreros) m SapaHa SoQrada, 36 CXXXIl The caatke are granted to 
Ferdinand, son of Alfonso IX and Beronguela It is specifically stated that 
they remam a part of the kingdom of l^on and that their lords owe alle- 
gianoe to he^ kmg This peace was confirmed m 1207 by another agreement 

p CXLIV) m whvA the king of Leon ossignB certain castles and an 
annu^ money payment to his former wife After her death the castles are 
to revert to the status desrnbed m the peace of 1206 The recognition d! 
Ferchnand was in accord with an agreement entered upon by the two kings 
some years previou^y and promptly denounced by Innocent 111, Ep , Lib 
VI, No 80, Migne, op ctf, Vol 215, ool 88 A, June 5,1203. War broke out 
ogam between Castile and Leon as is shown by a ihtid reaffirmation of the 
peace of Calneros (Eapaho Sagrada, 36 CXLVII) Further grants are made 
to Berenguela on the same terms as in 1207 Certain oasti^ whidh violate 
the boundary are to be destroyed The treaty is to be submitted to the 
pope for ecdesiastScal sanction 

Inn III Epiai , Lib 11, No 75, Migne, op of., Vol 214, ool 614C, 
and also as cited m note 19. 
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ice, perhaps was performed m 1198 when he was able to restrain 
Castile from joining Leon in the war against Portugal, which con¬ 
tinued until 1200 

The situation remained veiy much that which Celestine III 
had left After the rupture of the marnage bond with Castile, 
the king of Leon once more leaned toward the Moslem alliance 
King Bancho VIII of Navarre, too, became effectively estranged 
from the Christian pnnees After Innocent Ill, again on 
grounds of consanguinity, had refused to let him marry the 
Bister of Pedro of Aragon (an alliance forced upon him as on 
alternative to the dismemberment of his kingdom by Castile and 
Aragon),^ he sought refuge with the cahf and remamed for 
some two years m Africa, while the allies took heavy toll of his 
tiny kingdom ^ 

As tune passed and the burdens of office mcreased, whatever 
ambitions toward the orgamzation of a Spanish crusade Innocent 
may, m his earher days, have felt, became more remote In 1204 
the king of Aragon, who, even at this time may have been in¬ 
terested in an eventual conquest of the Balearic islands, had 
urged upon the pope the sending of a legate to organize a crusade 
among the Spanish kings But Innocent had learned by his own 
bitter expenence and that of his predecessor that he could not 
make the Spanish kings of one mind or of one heart, and the 
sending of the legate was indefinitely post/poned^ Again m 
1209, with the preachmg of the Albigensian crusade, the center of 
Innocent’s interest moved to Southern France A letter was 

Op cUf l4b I, No 249, Migne, op «/, Vol 214, col 214; Juno 6, 
1108 Gastilo and Lmn were then at peace because of the recently con¬ 
tracted marriage alliance Castile was evidentlv tempted to jom Leon in the 
war against Portugal. The legate Roinor was charged |nth the mamtenance 
of peace between the kings of Leon and Portugal The two monarchs had 
swum to a treaty of peace but a short tune previously (certamly not More 
the sepaiatKm of the Portuguese Infanta from the king of Leon) 

“ Op cU,, Lib I, No 566; Migne, op cU, WqI 214, cols 609-^10, 
Fob. 11, 1199 

•* Lafuente, ffitUona general de Eepafiaf 5* 178-180, Schimnacher, op eU , 
4 206-209. Ballasteros y Beretta, HteUma de £«paAa, 2 370 

** Inn UI Wb. VI, No, 385; Migne, op cd , Vol 215, cols, 

205-206 
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dispatched to the kings eS Aragon and Castile, tiiging their 
participation and arguing in favor ol deserting, for a tune, the 
crusade against the Moslem in favor that against the northem 
infidel* 

Notwithstanding discouragement the spmt of revenge was 
still ahve m Spam Both Celestme and Innocent had recog¬ 
nised in Castile, whose monarch smarted from the disgrace at 
Alarcos and whose temtones formed a bold salient into the 
dominions of Islam, the destined organizer of victoiy. During 
the years of controversy over the marriage of Borenguela In¬ 
nocent had displayed the greatest forbearance toward Atfonao 
of Castile, Celestme had made Castile with Aragon (the state 
second m concern for the crushing of the Moslem power) tiie 
nucleus of bis proposed Christian alliance 

Only once does Innocent become vmdictive toward Alfonso 
VIII, He has apparently discovered that the king of Castile had 
secretly engaged m negotiations with Iho king Leon, mvolving 
the recogmtion of Fer^nand as hour Alfonso VIII is accused of 
having ensnared Alfonso IX, playing upon his sunphcity and 
forcing him into a position where ho could not, wi^out great 
loss to hunself, repudiate the Castilian Infanta Castilian 
counselors are said to have been forced upon him and most of the 
strongest border fortresses occupied by Castihan troops m the 
name of the Infanta. Alfonso VIII mccused himself from va¬ 
cating the occupied castles on the ground that it was his daugh¬ 
ter and not he who was holding them * But these sms are soon 
forgiven and subsequent letters are agam courteous and con¬ 
siderate. 

As it became evident that concerted action could' not be 
secured, Alfonso Vlll determmed to force the hand of Christen¬ 
dom. His eldest son was to wm his q>un in bottie with the in¬ 
fidel. Innocent could not refuse coldly the appeal of the young 
pnnce but satisfied himself in December of 1210, with a some¬ 
what perfunctory letter to the Spanish bishops instiruoting them 
to urge upon their mooarohs the support of the Castilian enter- 

* Inn /// Bp , Lib XII, No 125; Migna <tp at , Vol. 215, ool 154 

* Ibid , Ub VI, No 80, Migne, op cU, Vot 215, ool 82, June 18,1208. 
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prise, 80 far as they bad not bound tbemsehres to the Mostems 
under a truce ” 

On February 22, 1211, the pope vas persuaded to take a 
somewhat more defimte stand. The Spanish bishops are m- 
structed to curb with ecclestastioal censure any fang who, 
having engaged m a truce or treaty of peace with King Alfonso 
or his son, ventures to violate it wMe the Castilians are canymg 
war against the Moslems ” 

As the cause of Christendom became^more deeply mvolved 
in the Moslem war and Innocent became persuaded that the 
infidel sought “not only the destruction of the Spams but even 
threatened to vent his fury against other Christian lands,” the 
petitions of the Castilians were further answered with the prom¬ 
ise (February 4, 1212) of a recruiting campaign m France and 
Provence with the inducement of plenary mdulgence for all 
participants But the letter concludes with the admonition 
that the world is all upset and in evil times, and the advice to 
take the first opportumty for a respectable truce and await a 
more favorable time for a oonolunve war** 

Not until after certain successes by the Moslems and the 
dispatch of another embassy to Rome did Innocent extend to the 
crusade the full strength of his support On Apnl 4, 1212, a bull 
addressed to the archbishops of Compostela and Toledo, order¬ 
ing the exoommumcation of the king ^ Leon "concerning whom 
specific mention is made ” or any other Spanish kmg presuming to 
enter an agreement with the Moslems against the Cburistians ** 
Innocent had been cautious u his assumption of leader¬ 
ship. At no point had he run the risk of a step ^ mi|^t have to 
retraet or a threat he could not expect to eany through 

On the 16th of July was won the viotoiy*of Las Navas de 
Tolosa. As his allies m the great struggle Alfcmao had the king 
of Aragon, the king of Navarre who after wavering until the 
Seventh hour was at last persuaded to east his lot with the 

« /m Iff Jgp., Lib xni. No 188, Migno, op eU.Vol 216, ed 363 
/bid,, Lib. XrV, Nos 3-6, Migne, op at,, Vd 2U^ ooh 370-381 
" lUd, So. 184; Mijpw, op. eU., Vd. 216, od 618 
** fttd, Id). XV, No. 15; Mi(he, opk «(., VoL 216, ooL 658. 
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ChnstiaxiB, and the kmg of Portugal The king of Port^ugal was 
unable to bo present hmiself because of disorder at home Ho 
was represented, how'ever, by a contingent of knights The 
ultrainontaneB, who had come m response to the preaching of 
the crusade in France and Provence, had left the ranks on find¬ 
ing that the heat was great and the hof)o of plunder small 
On Alfonso VIII and on the kingdom bf Castile devolved the 
furnishing of the largest contingent and the financing of the 
whole campaign 

In this first great successful crusade of the Spanish princes 
the head of the church had played a somewhat doubtful part 
From 1195 to 1198 felestine III had made a magnificent effort 
to secure the coo^K'iation of the Christian princes He had 
helped to form a triple alliance between Castile*, Portugal and 
Aragon, but had succeeded only m emphasizing the cleavage 
which set apart the kings of Leon and ?vavarrc His successor, 
Innocent III, had opened his career with ambitions to control 
the interrelations of the Hispanic states, but as time wont on 
the independent spirit of the pnnom and the other burdens of 
his office led him to be content with the enforcement of ecclesi¬ 
astical authority in lesser thmp, such as mamage laws and 
questions of clerical pnviloge’* Perhaps it was his greater 
wisdom which prompted him to let the crusade lead him in¬ 
stead of attempting to force it as CVlestinc had done 

His stamp of approval on the enterprise of the Castilian long 
was of undoubted help m securing participation almost penin- 
sula-wido® Only the king of Ijeon remamed true to his anti- 
Castihan and pro-Moslem tendencies 

Alfonso VIII laid his victory m all humility at the feet of 

Alfonso’a report to Innocent III, conerrmng the cantpaign of Las 
Navas, Inn III Ep, Lib XV, No. 1^, Migne, op ct4, Vol 216, cola 
699-703 

For instances of his repeated hunuhation of the Hispanic kings, see 
Luchaire, Inn^teeni III, Lott VobboIob, pp 1-67 poswm 

« /6td*, pp. 25-26 Innocent, os executor of the will of Saneho I of 
Portugal (d 1212), relaxed his seventy to\hnrd the new king, Alfonso 11 
Apiiarently the clumge in policy was in the mtoreat of the crusade (Pprtu- 
luvwever, was more important as a buffer against the hostile lung of 
Leon than as a i>articapaat at Las Navas.) 
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Innocent “ It was accepted by church and people as a victory 
of Christendom** In fact it was leas and it was more The 
king of the great central state of the Ibenan Peninsula bad 
successfully led Spanish arms in an cnterpnse of his own making 
It was a great national triumph* 

UmvEnsiTY OF Mioiuqan 

** Alfousf)’8 rri>or1 as cited m note 31, cBpomllv cols 702 H and 703 A 
» Jnn in Bp, Uh XV, No 183, Migne,op at ,Vo\ 216, cols 703-7(H 




CRfiVECOEtJR AND THOREAU 


J B MOORE 

'J^'HERE is no strictly lineal relation between Cr6vecocur and 
Thoreau They both wrote in an eloquent strain about nature — 
that 18 , what we call external nature This is not the first tune 
that their names have been brought together, a reader knowing 
Thoroau’s Walden and Cr^vecoeur’s Letters from an Anurtcan 
Farmer could hardly fail to weigh them against each other In 
the introduction to a recent edition of the Letters from an Amer¬ 
ican Farmer, Warren Barton Blake says of Crfevecoeur' "Wo 
owe some concessions to the author of so charming a book, to the 
eighteenth-century Thoreau His life is certainly more mteresting 
than the real Thoreau’s 

Crdvecoeur was ‘eightoenth-oentury’ but he was in no in¬ 
herent sense a Thoreau, Thoreau being, as those familiar with 
him axe aware, such a sharply unique person in most respects 
that to call anyone else ‘a Thoreau* is paradoxical. But oven in 
a looser sense of Thoreau as an exemplar of the early mneteenth- 
century attitude toward nature — even here, Thoreau is equally 
antipathetic to Crdvecoeur as an exemplar of the middle eight- 
eentb-oentury attitude toward nature The surface res^blancc 
between the two men (sufficiently remarkable) has led Warren 
Barton Blake into a thoroughly false analogy or imphcation. It 
would, nevertheless, be difficult to isolate an mght^th-century 
lover oi nature and a nineteenth-centuiy lover aS nature, m each 
ease more clearly representative and, togeUier, more opposed m 
feeling. 

In declaring that Cr^ecoeur's life is more mteresting than 
Thoxeau's, W. B Blake has again betrayed hu own mexactitude 

> letters from an Amsnean Farmer (New Yoric, 1913), latroduotum, 
p viu 
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or lack of information Is the life Thoreau chromclea in A Week 
on ike Concord and Memmac Rivers what one can safely venture 
to call less than the moat spint-stirnng? Or is the book of tnps 
The Maine Woods anything loss than stirring even to one who 
finds outer excitement more icwarding than mner excitement? Or, 
better still, is thon^ an hour of dullness in the life at Walden? W 
B Blake speaks with assurance of the life of Crevecoeur, for 
which we have to depend partly on a single biography compiled 
by Crfevecoeur's great-grandson * (a book which seems to inspire 
to the full such doubts as are almost always incident to biogra¬ 
phies of ‘the great’ by their own descendants), partly on Crdve- 
ooeur’s semi-autobiographic4il books and not a few miscellaneous 
letters, usually of an official sort Thoroau's life is particularly 
subject to interpretations, peihaj^, but the occurrences arc all 
undoubted and not manipulatc^d by grand-filial piety Crkve- 
cocur’s life is one of varied adventure, wide travel, many employ¬ 
ments He appears to have been born in Franco, at the town of 
Caen, Normandy, m 1735 (And without repetition of the word 
‘appears,’ it is necessary to pronounce it mentally at every turn 
in the account of his life, for Crevecoeur hunself had a fashion of 
J^ggkug with dates and events of his career) He received con¬ 
siderable instruction at the local Jesuit College as his later sur¬ 
veying and map-making attest About 1753-1754, he came to 
America, where he was naturalized in the provmce of New York, 
DeoemlKO', 1765, beyond doubt * What happened to him from 
1754 to 1765 IS one of those dark matters upon which more use¬ 
less ingenuity has been and is like to bo (for lack of evidence) 
expended than upon any vital question of his writings or under¬ 
takings One theory is that he was a certain recorded Crdve- 
coeur who campaigned under Montcalm against the English^ 
The other theory is that — dunng the dark years — he was 
agent for a Philadelphia busineas-man. “This business seems to 

* St Jean de Crhvecoeur, sa V%e et eee Outrages (Paru, 18A3), by Robert 
de Or^veeoeur 

* St Jean 4e Crhecoeur (Now York, 1910). by Juba Post MitchoU, 
Appendix, pp 807-^09 The naturalization act w iiere quoted m full 

« This 18 the theory iiromulgated by Crdveooeur’s great-grandson in die 
biography of 1988 
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have involved a good deal of journeying about on Cr^ocoour’s 
part, it appears probable that he waa engaged m trading with 
the Indians during some of this tune at least.” * 

Whichever theory prevails, the thing to remember is that, for 
nearly t(>n years, Cr^vecoeu^ was travelling pretty widely in the 
New England provinces, and in the Central Provinces of Penn¬ 
sylvania, New York, and New Jersey, and not improbably still 
farther afield or ‘oforest ’ There is bttle m his later accounts irf 
America that he might not perfectly a ell have observed or expe¬ 
rienced ui this protracted (leriod of mystery 

After hiB naturalization in 1765 came what may be defimtely 
named Crdvecoeur’s farming days At the tune of the pubhesr 
tion of his first book, Letters from an Amenmn Fanner, at 
London, in 1782, there was one Englishman (and probably he 
spoke for others beside himself) who doubted the genmneness of 
the ‘letters,’ the ‘American,’ and the ‘farmer ’ This Englishman, 
Samuel Ayscough, issued a virulent httle pamphlet m London, 
the next year — ‘‘Remarks on Inters from an American Farmer, 
or Detection of the Errors of Mr J Hector St John, pomting 
out the pernicious tendency of these letters to Great Britain” 
The author is alarmed by the allunng pictures in Crdvecoeur’s 
book, for it will presumably swell the already mcreasing number 
of emigrants from England to the rebel colonies, and ho seems to 
be honestly convinced — as a hard-headed Englishman is likely 
to be to this dayl — of the spurtousness of the pictures The 
abundant sentiment and the literary artistry of the Farmer’s 
Letters have never quite convinced .not only Englishmen but also 
Americans Crdvecoeur was every inch a Frenchman m sentunent 
and 10 art Even such standard scholars m the area of Amencan 
literature that includes O^veooeur’s writings ^ W B. Cairns (to 
represent the traditional scholar) and F. L Pattee (to represent 
the independent and progressive scholar) stand together m slight¬ 
ing Crdvecoeur They omit him from theur anthologies, they 
give him summary treatment in their histones This can hardly 
be comprehended except upon the supposition that the ‘Amencan 
Fanner’ u not to the taste of later Amencans 

* Jam da CVSweoaur, pp, 11,12 ("A Question of Identity ”). 
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He is allowed to be ‘oharming’ or 'highly-ooloied' and die- 
miBsed m a few lines or a paragraph.' The answer to Samuel 
Ayscough and the rest of the An^o-Saxon depredators .is not 
equivocal Crhveooeur was an Amencan fanner for the better 
part of the twenty years' His first farming on his own land was 
in Orange County, New York In 1769, according to the oflScial 
record, he purchased a farm of his own, incited thereto, no doubt, 
by hts mamage not many weeks earlier m the same year to 
Mehitablo Tippet of Yonkers, New York' Crbvecoeur’s domes¬ 
tic days and his farming days came at the same penod and each 
lent a glow to the other, at least in retrospect His children were 
throe, a daughter, Amenca-Frances, bom m 1770, a eon, Alex¬ 
andre, in 1772, another son, Louis, m 1774 These children were 
extremely dear to their father and lend, perhaps, as brilliant a 
tinge to his wilderness fanning as the contact with the land itself 
He cleared his land, though often reluctant to fell the 
trees, ho drained his swamp, and made of it a fertile tract, and 
there is no reason to beheve that he would not have remamed a 
successful 'Amencan Fanner’ to the end of his days but for the 
Amencan Revolution 

He hved m the wilderness where there was no escape in case 
of the hostility of the Indians who were begmning early in the 
Revolutionary penod to make descents upon isolated farms and 
villages. At any rate, if we may b^ve his own account of his 
emotions as given in the twelfth and last ’Letter’ oS the original 
edition of 1782, the letter entitled “IMstress of a Frontier Man,” 
Crdvecoeur suffered nothing short cd panic at the approach of the 
war with England Naturally this attatude is not mentioned m 
his later writmgs, for presently (as one of tiie duef authonties 
upon America) he was made Frendi omisul to New York, New 
Jersey, and Connecticut, a position from whidi Iw certainly en¬ 
couraged the notion that he bad been sympathetic with the 
Amencan patiicriis. As a matter of fact, unable to throw himself 
strongly upon either side of the confiiot, m an altogether un^ 

• cr W B Caittw, Amsriem lAtaralwt (New Yoric, 1012), p. 148. 

' Julis Post MitehoU, St. Jem Sa Ctteeeeeur, p 29. 

< IM., p. 8& 
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affected fnght at the rumor of Indian raids, 8t. John determined 
to flee to France. The patriots who learned his mtention, fearing 
that he mi{dit give infonuation to the enemy, made great difli» 
oulty for him. He finally arrived withm the Bntidi lines m New 
York, havmg left his wife, hiadaugditer, and his youngest son, and 
he was acccnnpanied only by his son Alexan^ The Bntish 
treated him more severely than the patriots. He was imprisoned 
m New York, because of vogue aecusatums and suspicions,* and 
even after his release suffered more or less permanent injuiy from 
poverty and exposure dunng that wmter iff 1779 and 1780. Ul¬ 
timately, the father and son were allowed to ship for England, 
where they spent some time, and where (m Londmi m 1781) the 
'American Farmer’ found a publisher to purchase his manusenpt 
'Letters ’ He reached France that same year So ends tte 
'American Farmer ' His Ijetters were published in London,** the 
next year From this tune we have St. Jiffm the cosmopditan, 
the bilinguist, the man of affairs m the typical eighteentb-centuiy 
sense To be sure, the experiences as an American wanderer 
from 1754 to 1766 and the experiences as frontier fanner and at 
the same tune husband and father of a family on his own fann 
from 1765 to 1778, these experiences were what be built his books 
upon, what be built his consulship upon, what he built his repu¬ 
tation upon, for the years from 1782 till his death m 1813. The 
Cr5veooeur whion we hear in Letters from on Amencan Farmer, as 
far as his reflections upon nature and sunple hving go, is the 
American Rousseau not the Amencan Thoieau But the ensuing 
period of his life affords ground for denaminatmg him a kind of 
French Frankhn Till 1781, Cr^eooeur is as thoroughly Amen- 
otm as the majonty of persons dwdhng m America at t^t time 
After 1781, he pretty distinctly bekmgs to l^ranoe. But always 
he is a curious emnpound of a second-rate Rousseau and a second- 
rate Fnmklin: on both sides the vmy antithesis to Thoteau. 

* hlha Post Mitchell, 8t Jean d» Orheeoeur, p. £8. 

** J Beotor St. Ji^ LeUere fnm an Amencan Farmer, deeanbutff 
eertain jmemeStH ettmtuine, mannere, and aulame, tut tmenXty known, and 
ameeifmg tone idea of the late and preeent tntener cktumeUmeee of the Bntieh 
colomss ja ATcHA Amerwa, Lonclon, 18S2. 
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The rather destitute Cr^vecoeur, who with much anguish 
reached France m 1781, remamcd there until 1783, the year of his 
appointment as consul to New York, New Jersey, and Connecti' 
cut Dunng his French residence, Crevecoeur scored a double 
success his book was published with such a reception m both 
England and Ireland, m 1782, that second editions wore brou^t 
out the following year, and that Crevecoeur felt encouraged to 
translate and expand the book for publication in Pans m 1784, 
and, simultaniously, he made an impression at Versailles by a 
*'detailed report of conditions m the colonies relative to their 
geography, agnculture, industnes, etc ** This report won him his 
appointment as consul m 1783 Perhaps a third success should 
also be attnbuted to Crevecoeur, at this tune — his success m 
winning the interest and assistance of powerful members of 
French society Such fnends as the Marshal de Castnes, the 
Duke de la Rochefoucauld, the Pnneess de Beauvau, and 
Madame d’Houdotot,'^ found Crevecoeur so interesting that they 
gave ear,” and then support, to several of his diendicd projects, 
for, like Franklin, he was fertile in plans to benefit the pubhc or 
the nation m these latter years of the French penod of his life 
Wayette, f'rankim, and Jefferson are the most famous of Crdve* 
ooeur’s correspondents though they are far from being the most 
mtimate. It is significant that the two most tirdessly versatile 
and the two most Gallicised of the great Amencans of the Revo¬ 
lution should have been Cr^vocoeur’s correspondentB He wrote 
on two or three ocoasions, at least, to Washington, but the notes 
are purely official or formal and have no sudi interest as his 
letters to Jefferson and Frankhn What acquamtance Crevecoeur 
achieved with the two great Americans came through the recom¬ 
mendation of potent French patrons or patronesses 

Crevecoeur proceeded to New York as consul m 1783, not, 
however, before he had been the duef instrument m reahnng one 
the most precious projects of his life, a packet-hne between 

Juha PMt Mitchell, Si Jem Crhteonsr, p TV 
” Of. LeUm from m Ammem Farntor (^ted by Warren Barton 
Blake, New York, 1013), p 248, Note X 
» TM,p 242, NoteIX. 
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France and America As consul, he made it his concern to pro¬ 
mote an exchange of seeds, plants, trees, and an exchange of 
methods m agriculture and horticulture, between France and 
America Here is a characteristic luquiiy culled from a letter 
Crfevecoeur wrote to Jefferson in 1784 

It has been said m Franco that in some of the rcnuitest settlemonts of 
Virfpnia or C^anjhna, Brandy has boon distilled from Potatoes That this 
Hoot Contains a Spirit as strong as that which is obtained from gram is 
bt^youd a Doutit, but the method of bnnginR it, m a State of Fermentation, 
IS What Fusales the Learned Chvmiste, Spit^e of the Many Tryals they have 
Made 1 shou’d be most sincerely thankful!, If I rou'd be Informed of the 
American Method, through your kmd assistance ^ 

The new consul engages in founding or attemptmg to found a 
monthly magazme,^ he advocates the extensive planting of 
shade trees m New York, in short, he urges many fairly practi¬ 
cable ideas, nearly always designed for the public welfare Dur- 
mg a visit to Boston to recover his two long-lost younger children, 
whose mother had died while Cr^vecoeur was absent m Franco, 
Cr^vecoeur is still alert to ‘consular’ opportunities, making him¬ 
self acquainted with John Peck, a competent ship-buiIder, whom 
he can recommend to the French owners of the packctrline 

In 1785, Ofevecoeur returned to France on leave of absence 
He occupied himself m getting ready a still furtheiM^xpanded 
French edition of Lettres d'un Cultivaieur AtnMcam,^^ and, as a 
consul and cosmopolitan in iiutiatmg a Soci6t5 Gollo-Am^ncame, 
perhaps the most philosophic of Crfevecoeur’s cooperative 
schemes, though, hke many of the others, not very long-lived 
This society was contemplated asr “a center to which an account 
of everything of consequence, which is done m either country 
may be brought”^® The leave of absence terminated m 1787, 
when Crftveooeur sailed for America, and the society seems to 
have lapsed in his absence The period from his return to New 

w Letters from on Amenoan Former^ p 247 
^ Julia F^t Mit^chell, Jwn de Crhecoeur, p IIS. 

^ Ilndf p 119 ff Cr&vecoeur was also the early advocate of some sort 
of quarantine station m New York harbor 
» , p m 

Pubhshed at Pans m 1787, m three volumes! 

Julia Post Mitchril, Si Jean de {Jrtveeoeur, p 156 
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York to hiB final departure for France in 1760 was fiUed with the 
same sort of eager busmess m his (^ce as the earlier period, — 
only now there is a UtUo more worry mingled with the business, 
for several of has schemes are failing to pieces, notably his pre¬ 
cious packet-hne *** His projects never did carry like those of 
Franklin, for some lack of genius, perhaps, m Cr^ecoeur, which 
Franklm surely possessed 

From 1790 till the end of the French Revolution, Cr^eeoeur 
makes off from the conflict, refusing agam (rather too similarly) 
to face the issue and take sides in Ihis second revdution As he 
fled from Amenca in 1778-1770, so now he tries to get his sons 
and himself well away from Pans. The smis do get away, Alex¬ 
andre to Hamburg, IjOuis to America to do some fanning on his 
own account It is not quite just to have said that Cr6vecoeur 
himself fled. In fact, he stayed m Pans till 1704 (Ihough not by 
choice) very quietly subsisting, under the protection of his 
daughter’s husband M Otto. He made his way as soon as possible 
m 1704 to Hamburg For the purpose of this paper only 
two more pomts in Cr^ivecoeur’s life need be noted He pubhdied 
an unportant book, Voyago dans la Haute Penaylvante,” m three 
large volumes, in 1801 at Fans. The book is of the same general 
sort as his second French edition of the Litres d’un CuUtvaleur 
Amineatn,^ an account of travels in the American wilderness, 
mterlarded witii philosophic reflections and what he called 'anec¬ 
dotes.’ like the other projects of Cr^ecoeur’s old age, this book 
failed, because interest in Amenca was obhterated by interest m 
France herself ... fie died in 1813. So mids Odvecoeur the 
man of affairg, correspondent, on occaidon, of Jefferson and of 
Franklm. 

In placing Crdvecoeur beside Thoreau, this second phase 
Crdvecoeur’s life, the New York and Pans phase, is not so irrele¬ 
vant as It seems. Witiiout iiie strong social and dqdoniatic bent 

St. Jean iteOiMgonir, p 270. 

*> St Jean de Crkteeoevr, pp 286,267. 

a The fuU title ir Vopepe done la flout* Penaylmme «( imt V6tat de 
New York, Par un MenlHe adoptif de la Natno Oneida. Tradmt et pnUfe 
par I’auteur dee Lettna d'un Oultivateiir AmMeam. Pane, 1801. 

** PuUuhed in 1787 in three volmnea. 
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in his nature, Crftvecoeur would have been much less tyincal of 
hiB era Rousseau is dependent on social mteroourse to an extent 
that he himself does not appear to realise. Franklm, too, the 
man of conunon*sense genius, rejoiced m social life and probably 
never passed a day in what Thoreau would have recogmsed as 
solitude. Thoreau could not conceivably have emerged from his 
life as the solitary or 'bachelor of nature,’ as Emerson once called 
bun,‘* and have turned to such a busy pohtiooHHicial career as 
Cr^vecoeur did after 1778 It would have seemed far worse than 
death to Thoreau 

If we forget, for a while, Crdvecoeur’s facile transfonuabon 
from frontier farmer to French consul at New York, and consid¬ 
er him during those fifteen or twenty years on the soil, there 
crop out, upon our scrutmy, certam si^ierficial sunilanties to the 
Thoreau who had so much more to say to farmers than to ‘gen¬ 
tlemen,’ so much more to record of them than of philosoidierB, m 
his journal, the Thoreau who tilled his bean-field (if not his farm) 
near the shores of Walden, in the midst of what was then some¬ 
thing of a wilderness, if not a frontier Crdveooeur must have 
grappled successfully with fanning and have had to some degree 
Thoreau’s practical knack of dealing with thmgs — birds, insects, 
trees, and rooks — surveymg, map-making, fencing, fruit-grow¬ 
ing. Crdveooeur’s account of what he names a ‘recreation,’ bee- 
huntmg, at the same tune shows his practical knowledge 

I carefully examine whether they Cthe woodej abound with large treee, if 
eo, I make a aniall fire on some flat stonee, m a eonvenient place, on the ^ 
1 put aome wax, close by this fire, on mothw atone, I drop bon^ in dis¬ 
tinct drop*, which 1 auiround with small'quantitiea of venmhon, laid on the 
atone, and then 1 retire carefully to watdi whether any bees appear If 
there are any in that nei(dibothood, I rest aaeurad that the smdl of the burnt 
wax will unavoidably attract them, tiny will aocm hnd out the honey, for 
they aw fond of prying on that which is not tiieir dWn, and m th«r ap¬ 
proach they will neceai^y tinge thomeelveB with some particles of ver¬ 
milion, which will adhere long to their bodies I next fix my compaae, to 
find out tbeur comae, which they keep mvanaUy straight, whan they are 
returning home loaded By the asmatanee of my watch, I observe how long 
thoBS are retuming whieh are marked wi^ vem^on. Thua p o Be e ae e d of the 


*• Cf Etnersott’a biographical aooouni Tharmn, 1862, in the iKIonfie 
UmtMg for August 
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counej and, in some meoauro, of the dntanoe, whiofa I can eanljr guesa at, 
I follow the fiiBt, and seldom foil of coming; to the tree where those repubUcs 
are lodged I then mark it, and thus with patience, 1 have found out some¬ 
times eleven swarms m a season, and it is meonceivoble what quantity of 
honey these trees will sometimes afford 

Thoroau, instead of Cr^veoocur, might not only possibly but 
very probably have written such a lucid orderly account of a 
practical undertaking in the woods When Cr^vecoeur forgets 
bis fervent recommendation of the simide perfect life to record an 
observation or recount a process, his writing is second to that of 
no other of hia tune in America likewise, when Thoreau becomes 
more intent on the occurrence taking place before his eyes than 
on its symbolic value to humanity, he writes with the same in¬ 
genuous chann as Cr^veooour Consider Tboreau’s exposition of 
the methods (gleaned from practice and observation on hia part) 
of woodcutting employed by his Canadian visitor 

He was a skilful chopper, and indulged m some flounshes and omaments 
m his art He cut his trees level and dose to the ground, that the spnmts 
which came up afterwards might be more vigorous and a sled might ahde 
over the stumps, and instead of leaving a whole tree to support his corded 
wood, he would pare it away to a slender stake or splmtcr which you could 
break off with your hand at last ^ 

In their capacity to wnte this sort of thing admirably and in 
their capadty to describe animals*^ or any wilderness phenom¬ 
ena m the same style, Thoreau and Crdvecoeur are justly to be 
likened to each other In almost every respect besides, the two 
are not only not alike but are strikingly different To be sure 
both were skilled surveyors, as Crdvecoeur’s maps m hia 1787 
edition of LeUres d'un CnWivodmr Amincain^ and lus 1801 Vfyyage 
do^TfiB Id Haute Peneylmite testify — and as Tboreau’s local repu¬ 
tation in Concord testifies As I have said, both knew, also, how 
to grow fruits and vegetables successfully. Both got the moat 
saUsfaotory returns from farming (in Thoreau’a cose from bdng 

" LetUrsfrm on Afn«nean fomer (New York, 1913), p 31. 

M Waiden, by Henry David Thoreau, putdiabed m 1854 The quotation 
u fxom the chapter named''ViutorB ** 

" See Crtmoeur'e description of the combat of two snakes, Letterefrmn 
m Amenocm Fam/tt, pp 179-181, and see Thoreau’s descr^itKSi of his pttr- 
smt of a loon, m fTokisa, chap Brute Neighbors.** 
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ever close to the soil, without consistent fanning) in the form of 
spmtual exaltation. And here is, nevertheless, the great gulf be¬ 
tween the two men, this matter of what wild nature and the soil 
do confer upon a man and how they confer their mighty benefits. 

Crdveooeur is said to have been pleased when his own son 
IjOuib experimented on a frontier farm m America and Cr^ve- 
coeur spent some tune m his old age upon a farm m France, 
yet he seems not to have been very firmly wedded to the soil 
when a different sort of hfe offered His best years were spent 
gladly in the city-life of a consul Only the year before he re¬ 
turned to France and entered upon his politico-social career, 
he had sold the completed manuscript of his first book to a 
publisher In that book he conveys to bis readers an impression 
that he, Cr^ecoeur, believed that farming was peculiarly the life, 
the profession, of virtue, that m farming subsisted tixe truest 
natural relation between God and man By ^farmmg,’ I mean, 
of course, American fanning m those days He assures us elo¬ 
quently of the material well-being of an Amencan farmer, the 
matenal well-being that miraculously expands into spmtual bliss 

He [the immigrant to Amencal begms to feel the eSeots of a sort of 
lesuiTection, hitherto he had not hved, but eimply vegetated, he now fecla 
himself a man, because he » treated as suoh, the laws of his own [native] 
country had overlooked him m his insignificanoy, the laws of this cover him 
with their mantle Judge what an alteration there must arise in the mmd 
and thou^ts of Uiis man, he begms to forget his former servitude and 
dependence, his heart involuntuily swells and ^ows, this first swell inspires 
him with those new thoui^ts that oemstitute an Amencan 

Crdvecoeur must have discovered this effect in hunself as he 
developed his own farm and he must have observed and corrob¬ 
orated his own experience by the experiences of others — men 
of many races, men m New England and men in Carolina, men 
in the immense region between those two extremes Instead of 
attributing this effect of fanning in America to the mere practice 
of the simple life recommended by Rousseau, Cr6veooeur seems 
to believe that there is some peouW virtue mherent in Amenoa 

* Mitdliell, 8i Jmin de,Crhmoeutf pp. 286-288. 

» IbkL, p 80a 

* ttttmfrom an American Former, p 69. 
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In fact, be makes no great mystery of the inherent virtue. He 
makes claim m addressing his mtroduotoiy Letter /rom an 
Ammean Farmer to a European reader that “Here (in Amenca) 
he might contemplate the vety beginning and outUnes of human 
society, which can be traced nowhere now but m this part of 
the world " “ 

He continues to define his thesis tiius 

Here we have in some moaeure n-gained the aneieiit dignity of our 
speoies, our laws are simple and just, wo are a race of eultivatora, our 
oiviluation is umestramed, and therefore everything is prosperous and 
flounshing For my part I had rather admire the ample bara of one of our 
opulent farmers, who himself felled the first tree m hu plantation, and woa 
tto first founder of his settlement, than study the dimensKme of the temide 
of Ceres* 

America is, then, not the land of a novd virtue, but a land of 
the primitive virtue so eloquently trumpeted by Rousseau in 
he Conirat Soe^al and Bmile The 'begmnmga of human society’ 
are by no other means m any other regum to be ocnne at so 
authentically as by fanning m America. It is not crediUe that 
Cr6veeoeur could have been unacquamted, before composing his 
first book, with several of Rousseau’s productions. Later,** 
we know that Rousseau’s former mtimate friend, la ComteBee 
d’Houdetot was one of Ciivecoeur’s most constant fnends and 
advisers Could a Frenchman of the eighteenth cmtury witii 
Crdvecoeur’s turn for literature have missed Rousseau—even 
if be had been hving over twenty years in the wilderness? 
Crdvecoeur assures us, of course, that he is a simple uncultivated 
man not at all fit to wnte “Letters” <m America,** yet the 
evrat shows him a rather conscious artist There is something 
more than simplioity m this too sedulous depreciatifm. Metbinks 
this farmer doth protest too mudi for one about to perform so 
deftly He says 

* Aid,p 12 

* h$Um*Jrm m Ammean Farmer, p. 12. 

« After 17E2 

* Cf. the mtittduotoiy letter of LeUere frm an Amtriean farmer, bt 
whioh Crtvaooeur aHowa himerff to be pemoaded lehiotantly to uadertake 
the “Letters ” 
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Had you wanted the atyle oi the teamed, the leflectiona of the patnot, 
the diaouW)n8 of the politician, the ounoua obaervstioiia of the oatunhat, 
the pleaaing garb of the man of taate, aiuety you would have applied to 
aome of thoae men of tettera with which our citiCB abound But amee on the 
contrary, and for what reaaon I know not, you wteh to ooneapond with a 
cultivator of the earth, with a eunple citiaen, you muat receive my tettera for 
better or wotee • 

In view of Cr^vecoeur’s accomplished, not to say elegant, 
performance m the ensuing book of “Letters” (where ho devcrly 
manages to synthesize patriotic reflections, political discussions, 
natural observations, — to clothe tliem, besides, m the garb of 
sentiment and taste) we must look upon those modest pro¬ 
testations as elaborate artifice The artifice goes further, for 
the English enquirer about American avilization is a mere 
artistic fiction There is no reason why Crdvecoeur witii his 
impulse to build an artistic book should not have made use of 
these artifices — the result justifies them — but the self-con¬ 
sciousness which such artifice reveals m the artist should prevent 
us from any longer looking upon CrAvecoeur as a delightfully 
ingenuous child of nature He was no such thmg and his 
countiyman Rousseau was no sudi thing. Crftvecoeur like 
Rousseau is strivmg for an artistic effect in which harmony of 
impressions must be unportant It is hard not to behove that 
the former, hke his spiritual fatiier, the latter, did not color the 
desonption, too much an artist to be an authentic pioneer 
Just as Rousseau has an ancestral relation to this too candid 
American fanner, so the farmer has a somewhat ancestral rela¬ 
tion to Chateaubriand, though no one of tiiem could be proved 
to be acquainted with ano^er's wnting Thsy represent the 
thought of the same age. That they were able to report the 
truth of thingsparticularly of external nature — one comes 
to doubt Chateaubriand and Crfevecoeur both knew Amenca 
at first hand, but did they know how average Amencans of their 
day fdt? How was it that Crdveooeur could not ent«r hotly on 
either side in the American Revolution? An average American 
could not hriji being a patnot or a li^alist Crfiveooeur was 
first a man of sentiment, we must bdieve, and afterward an 

■ /bid,p ao 
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Amenoan, Seldom does he allow himself to forget this chosen 
pose of one who has expenenced the golden age upon Ids farm. 
No doubt he did experience that swelling of heart and those 
overflowings of tears, and no doubt other occasional American 
settlers did, too” But there is really no reason to affirm any 
such mystic expansion as a representative emotion of even 
mghteenth-ocntury settlers It was what got mto print 

On a different point, Cri^veooeur^s hndings carry more con¬ 
viction The absolute ownership of land is, he teUs us, within 
every mdustnous man’s reach m America This is the root of 
all good m the new country, the very source of Cr^vecoeur’s 
own swellings and overflowings and of the average American 
settler’s more phlegmatic contentment’’ Pnvate property in 
land, the thought of passing on to children such an mhentance, 
these arc subjects of most allurmg contemplation to the * Amencan 
Farmer ’ 

From noUimg to atari into being, from a aervant to the rank of a 
master, from bemg the slave of some despotic pnnee, to become a free man, 
invested with lands, to which every municipal bleaaing is annemll What a 
change mdeedl It » m oonaequonce of that change that he becomes an 
Amencan** 

The ‘ change’ here spoken of is to Cr&vecoeur a change of spirit 
as distmctly as a change oi material resources With Crdvecoeur 
himself, the spiritual expansion did honestly count for more than 
the matenal mcrease that came with tilling the sod, for Cr^e- 
coeur was a man of sensibility, not an average European seeking 
reSnge from overcrowded poverty Your proper Rousseauist gets 
hiB returns from nature and the soil more in the form of pleasant 
and profitable reflections than in the form of potatoes and cauli¬ 
flowers, this, although he may be an admirable farmer, materially 
speaking” Perhaps the truest fruit of CWlvecoeur’s fanning 

** For instance, Gilbert Imlay in his stout vohime, The Topographical 
Deaenptum (1702), would have us view early Amencan life on s^ as 
somotbmg not unlike the 'Golden Ago ’ 

iMerefrom am Amencan Farmer, “Histoiy of Andrew the Hebridean,” 
pp Andrew eiqienenoes no such eostasies as Crtveooeur doesi 

** LeUerefrom an Amencan Farmer, p 60 

** As 1 have mtunated, Ordveooeur was a practical fanner who dufai^ 
allow golden dreams to mterfero with orops. He made many sluewd agn- 
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da3rs, and a typical eighteenth-centiuy fruit it is, may be m- 
dicated by a passage from the “Amenoan Farmer” 

1 m&med, and this perfectly reconciled me to my situation, my wife 
rendered my bouse all at once cheerful and pleasmg, it no longer appeared 
gloomy and sohtory os before, when 1 went to work in my fields 1 worked 
with more alacrity and spnghthness, 1 felt thaf I did not work for myself 
akine, and this encouraged mo much My wife would often come with her 
knitting m her hand, and sit under the shady trees, praising the straightness 
of my furrows, and the docility of my horses, this swelled my heart and 
made everyth!^ light and pleasant, and 1 regretted that I bad not married 
before ” 

And this passage must be supplemented by a ^impse of mdoor 
bliss, as came to Cr^vecoeur 

When I contemplate my wife, by my fire-side, wlule she either spins, 
knits, darns, or suckles our child, 2 cannot desc nIx) the vanous emotions ol 
love, of gratitude, of consenms pride, which tlmll m my heart and often 
oveiifiow in mvoluntary tears 

It must not be for an instant forgotten (and Cr^vecoeur 
frequently reminds his readers of it), that these paternal and 
agrarian ecstasies, which he attnbutes to the American fanner 
as such, depend upon the pnnciple already enunciated Crftve- 
oocur has no sooner pictured the bliss of bis home than be adds 

Tho mstant 1 enter on my own land, the bright idea of property, of 
exclusive nght, of independence exalt my mmd PreciouB soil, I say to 
myself, by what singular custom of law is it that thou wast made to consti¬ 
tute the nchos of the freeholder? This formerly rude soil has been 
converted by my father into a pleasant farm, and m return it has established 
all our rights, on it is foimded our rank, our freedom, our power as citisens, 
our importance as inhabitants of such a district These images I must con¬ 
fess 1 always behold with pleasure, and Extend them as far os my imagina- 
tioD can reach ^ 


cultural observations, some of them takmg effect in h|iB *'Agncola Papers,” 
eg the article on introduction of grasses mto U S. Sm Appendix of 
Mitcheirs St, Jean de CrhecoeuTf pp 322 ff 
^ LeUerefrom an Amancan Farmer, p 22, 

IM , p 24 On the following page, we hear how the thrilled father 
contrives to carry his infant son upon his plow through the fields where 
“the odonferous furrow exhilarates his (the son's!) spirits ” 

« LetUra from an Ammcan Farmer, pp 24, 26 Ordveooour seems to 
have gone almost as for as Wordsworth m his old ago did, m trusting the 
'sense of property' as the first pnnciple of good* 
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In short, it becomes increasingly apparent that the 'bright 
idea of property’ rather than the mere nearness to the sod is the 
great Amencan virtue m Ci^vecoeur’s eyes Nature is still m 
her eighteenth-century position as oonv«uent servant to man, 
entirely satisfactory only when tamed and cultivated** 

At this pomt. It IS impossible longer to exclude Thoreau from 
the discussion of the farmer and the sod He cnee out from his 
nineteenth-century generation partly m approval of, but more 
strongly m protest against, Crfevecoeur in his eighteenth-century 
generation Emerson and Thoreau agree that (here is virtue m 
the direct contact with nature and with the sod Emerson has 
purchased a few acres comprising a house, a bam, an orchard, a 
garden, he even spends tune in the garden, though we have rea¬ 
son to doubt whether the tune is spent to good agricultural pur¬ 
pose There goes a convmcing legend to the effect that Emer¬ 
son’s httle boy remonstrated with his father for gardening, m 
alarm lest that father might hoe his own foot instead of the 
weeds’ So far, Emerson attempted doggedly to realise his theory 
of the virtue of the sod Thoreau has paid his respects to a 
perhaps even deeper conviction than Emerson’s of the utter need 
of man to touch continually nature and the seal, by isolating him¬ 
self in a natural retreat at Walden and by woriemg bis bean-field 
near by. Every page, every record of Thoreau goes to mdicate 
that he could hterally not live without nature. There stand the 
fourteen volumes of ‘journal’m wluch one wonders if there can 
be as many as ten pages not primarily concerned witii nature If 
Thoreau comments on hummi bemgs they turn out to be (usu¬ 
ally) fanners or outdoor workers of smne sort;** if he comments 
on literature, it is likely to be literature about nature or ‘natural' 

** ItwouIdbeunjusttoCrtveooeur not (o note tint, in his nnrmonwnta, 
he was oapable of looking stnught m the faee of nature. He found him—w 
faeoinated and bonified, on nu^ oooaeianB, rather than ravished fay natural 
beauty, ^t is the ease in his '‘Letter” — On Snakn and tk$ Hvmnmg 
Bwd. The duality of Crhveooeur’s attitude toward nature la talhaatly 
denunutiated in Studw in Ctatsu Amtriaan latmvtun (New Yoric, 1028), 

D It. lawmnoe, pp 82ff. Itis, neveitl]eleaa,pfetty«dMtiiathehahitua% 
viewed nature as beneficent 

** Thoreau’e /ourool contains more mfneiiees'to foimem to any 
other pnup. 
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meo euch as those Greeks, Aeschylus and Pindar, whom Thoreau 
translated^ 

In the chapter, or rather the section, of Walden called *'Soh- 
tude,” Thoreau makes clear what he hunaelf got out of bemg 
alone with nature (nothing to do in this case with tilling the 
sod) He affirms 

I have never felt lonesome, or in the least oppressed by a sense of aoh** 
tude, but once, and that was a few weeks after 1 came to the woods, when, 
for an hour, I doubted if the near neighborhood of man was not essential to 
a serene and healtby life To be alone was something unpleasant. But 1 
was at the same tunc conscious of a slight insamty m mv mood, and seemed 
to foresee my recovery In the midst of a gentle ram, while these thoughts 
prevailed, I was suddenly sensible of such sweet and beneficent society m 
Nature, m the very pattering of the drops, and m every sound and ^ght 
around my house, an infinite and unaocountablo friendlinras all at once like 
Oil atmosphere sustaining me, as made the fancied advantages of human 
neighborhood insignificant, and 1 have never thought of them sinoe 

This account of Thoreau'a mood and attitude seems at first to 
be veiy close to Ci^vecoeur’s account of the delicts of a pioneer 
farmer But the similanty is a seeming and nothmg more, for 
Crfevecoeur's heart-thnll and ‘mvoluntary tears,’" prove always 
to come as a result of domestic emotions of fehcity (as father or 
husband, that is) or as a result of the sudden realization of own¬ 
ership of the land. Nature appeals to Crfevecoeur most persist¬ 
ently as property — the support of his family, the mhentance for 
his ohildien. He speaks unmistakably m the passage quoted 
above. 

**Thi8 formerly rude soil," he says, '^has been oonverted by tny father 
mto a ptoasant farm, and in return it hae eetabliahed all our nghte, on it is 
founded our rank, our freedom, our power as citizens, our importance os 
inhalntiiiits of aooh a distnet These images 1 must confess I always behold 
with pleasure, and extmid them as far as my imagination can reach for this 
is what may be called the true and the only philesophy of an American 
fanner/*" 

Oooaaionally, Crfiivecoeur takes a snatch of pure joy in nature 
without reference to property, civilization, wife, or children, but 

" In the eoUeotsd winks of Thoreau are to be found a translation of 
Prme^heui Bmmd by Aesdiylus, and of several Puiduie Odes. 

^ L^ierB fitm an Amertean Farmer, pip, 24 ff 

4’ 7W,pp.2& a pm 
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rarely, and veiy rarely compared with Thoreau. For instance, 
Cr6veooeur speaks enchantmgly for a few lines of ''the pleasure 1 
receive from the warblings of the birds m the spnng/’ on oocar 
sions when he steals out before dawn to hear the earliest songs 
Even on such excursions there is no sign that nature communi¬ 
cated such a mystic beneficence to him as Thoreau records m the 
foregoing passage and not a few others Cr^veeoeur views wild 
nature wil^ keen senses and immense curiosity, but he prefers to 
meditate upon the soil "advantageous for the emolument of hu¬ 
man nature ’’ 

But what has Thoreau to reply to the eighteenth-century 
lover of nature for its use to support human beings? Something 
very positive Farming and farms m nineteenth-centuiy New 
En^nd were very different from farmmg and farms m Now 
York m the eighteenth-century And Tlioreau had no wife and 
children to require the support of a farm Though we discount 
all this, Thoreau’s comment is significant 

1 see young men, my townsmen, whose misfortune it is to have inhented 
farms, houses, bams, cattle, and farming tools, for these are more easily 
acquired than got nd of How many a poor immortal soul have I met 
well-mgh crushed and smothered under its load, creeping down the road of 
life, pushing before it a bam seventy-five feet by forty, its Augean stables 
never elean^, and one hundred acres of land, tillage, mowing, pasture, and 
wood-lotl 1'he portionloss, who struggle with no such unnecessaiy izdiented 
encumbmnoes, find it labor enough to subdue and cultivate a few cubic feet 
of flesh*® 

Now the profoundest gulf between Crdveooeur and Thoreau 
and between the penods they represent begms to appear. Tho¬ 
reau, also, values nature and the soil, not, however, for the ma¬ 
terial support they afford, but chiefly for the inner discipline, 
stimulation, at best the revelation, that they may afford Ci^ve- 
coeur’s day seldom evinced much anxiety over its mtorior pro¬ 
cesses, that is, its inner life. It was genei^y agreed at that time 

rbid,p 33 

^'Crdvecoeur on the Susquehanna," Yoie Emew, Apnl, 1326, p 571 
This 18 a senes of selections from Crdvecoeiur’s En^h wntmgg hitheito un¬ 
published The material may represent the contemplated secoisd senes of 
Lettersfrom on Amencan Farmer See advertisement to the first edition. 

*® Thoieau’s Fcdden, seotum called “Economy " 
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that human nature, inner human nature, was so well arranged as 
to need little or no attention Fifty years after Cr^vecoeur, m 
Thoreau's day, there bad developed a widespread uneasiness and 
concern over the inner life. What goes by the name of introspeo* 
tion began to preoccupy the people who counted in thought and 
art — and a great number of others who counted as the public 
for the thinkers and artists Thoreau will have us eschew, as far 
as possible, many of those things which seemed most mcontn>- 
vertibly good to Cr^vecoeur I^ct us not be slaves to our land, 
or our houses, or to our clothes, or to our food, or to the organi¬ 
zations to safeguard other people by good-natured chanties Be¬ 
ware of enslaving yourself to philanthropic dnves or political 
moves for that (to Thoreau^s mmd) is the enslavement of the 
apint beside which the enslavement of a black African’s body is 
as nothing’ This cames us beyond nature and the soil, yet it 
shows bow completely Thoreau is at vanance not only with 
Cr^vecoeur the farmer but equally with Cr6vocoeur the endlessly 
busy man of projects, of societies, of inventions, of politics — 
Cr^vecoeur, the lesser Franklin! 

Cr6vecoeur and Thoreau were both inquisitive, eager travellers 
of the wilds But ore they alike at even this points Crdvecoeur, 
to judge from the astonishmg fashion m which he kept expanding 
the accounts of his Amencan wanderings, was an insatiable ex¬ 
plorer We feel that the interest m the Amencan panorama 
ultimately obscured the early mterest in the farm The first 
London edition of Cr^vecoeur’s book impresses any reader most 
powerfully as a picture of the life of an America of farmers The 
first French edition,^ while it contains nearly all the material of 
the London edition, adds as much again, it is, indeed, a two- 
volume production The farm and farmer lose their prominence 
to a certiEdn extent by reason of the bulk of Additional panoramic 
description. In the first edition, ^ I have mentioned previously, 
with what seemed coubcioub artistry, Crftveooeur gave an account 

^ Fsrhaps Tolstoi is the most notable example of the passionate, some¬ 
times morbid, mtinspection ctf the moeteeiith century. Tolstoi's Ixiok My 
Confwwm is of nmeteenth^-oentuvy temper, Rousseau’s Cw^eattens of 
ei^teeath^oentuty 

” Lsttres im Cuttisotsur Am4nc(nn, Pans, 1784 
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of a typical northern region, Nantucket, of a ^rineal central 
region, that of hu own New Yoric farm; of a typioal aouthem 
region, near ‘Charlee-town,’ Carohna The matenal that dooldeB 
(he length of the aecond edition conauta, in large part, of Crftve- 
ooeur’a further excursions,** not of hia further development of hia 
own aoil. Cr^veooeur’a predilection for Ixavel is unpleasantly 
clear. He offers a conglomerate of trips to Canada, Isle Samt- 
Jean, Nova Scotia, New Foundland, Maine, Masaaehusetta, Hhode 
Island, Connecticut, New York, New Jersey, Pennsylvania, Ber¬ 
muda, and Jamaica! The *cultivateur’ is submerged in the 'vpy- 
ageur ’ Not that Cr&vecoeur ceased at all to concern himaelf 
with forms as an observer and philosophinr, to the last year of 
his life (and he was then on a farm m France) Crftvecoeur was 
immensely addicted to reOections on fanning The ‘voyageur* 
does, nevertheless, tnumph in his last French edition ** (expanded 
now to three volumes!) of the CuUwakur Amintxun, and m his 
very last compilation of anothmr tiiree vtdumes, significantiy «i- 
titled. Voyage dans la HauU Pensyleanie tt dans VBtat de New 
York In these books we get treatises on such remote regions 
(whether Crdveooeur wrote from ocular proof or hearsay !)a8 that 
of the ‘Ohyo’ River, of ‘Kentuckey,’ ** d Niagara Falls, of Lake 
Ontario, of Lake Supenor, of Delaware, of the MumssiiqH 
from St. Louis to New Orleans, at Georgia, at Louisiana and 
the delta of the Mississippi.** This sounds like the very 
dissipation of travelling when one consideiB what it meant m the 
middle of the eighteenth century. 

Now Thoreau made excursions to Maine, to Cape Cod, to 
Minnesota, even, but in Thoreau’s omtuiy ^ tiiese tripe were 
comparatively brief The strongest impulse Thoreau seems to 
have extract^ from these brief aberrations was to confine himaelf 
ever more dosely to his veiy own regimi in and diout Concord, 
Massachusetts. The inference is not that Thoreau diriOced 

** None of thew lator editiona oen oonuian to deeign and artutio effect 
with the nicely biJanced onghud 

** LsUrss iPtm CuKuotour Amtneom, traie tomea, Pane, 1787. 

■* Ibid The Ohio River and Kmtudqr aSs the notable aeogniiluo 
additions in the 1787 issue 

* These last items are in Voyage dans la Route Pmuyhame. 
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travel, but that he got profit from it m proportion as the journey 
was short so he could pause to note eveiything ProbaUy one oS 
Thoreau’s walks about Walden Pond had a travel-content about 
equivalent to that of a vulgar summer about Ekirope Thoreau 
was mchned to believe that most things worth observing could be 
observed in the restricted area of Ccmoord, provided one watched 
patiently and examined minutely His unmeasured traveb were 
of the spiritual sort and he was always conscious of vast distances 
there 

Wbat sort of space is that which sepuatcs a man from h» fdlows and 
makM him sohtary? I have found that no exertion of the kgs can bring 
two minds much nearer to one another We are for the most part more 
lonely when we go abroad among men than when we stay in our chambera " 

Such was Thoreau’s experience; such was not Crfevecoeur’s ex¬ 
perience. The mere fact that they both travelled considerable reg¬ 
ions of the northern United States is not going to establish any 
similanty beween the two 

The strange thing is that Cr^vecoeur speaks always witb such 
passionate approbation and abandon of fannmg, while he pro¬ 
ceeds to cenW his attention upon his former travds and his later 
mtemational projects The other strange thing is that Thoreau, 
who reveals m hu journal a very disillusioned set of views about 
farmers and fanning, passes his life, by choice, m closer contact 
by far with the Concord farmers than with the Ccmcord preachen 
or teachers or doctors or lawyers. 

Living with Crdvecoeur’s books intimately for a period, liv¬ 
ing, that IS, with his words m ^'s nund, leads to something 
pretty near to a conviction not m insinoeniy on his part but of 
relative superficiality. His charm, his grace, his artistry do not 
detoiorate on familiarity, poibape, but lus integrity crumbles a 
little; fais nature lacks dep^ and impreesiveDM. 

Living with Ihoreau’s Journal breeds a very different convic¬ 
tion. The reader or student of Thoreau is always aware a 
profound and positive personality, one who indsts on facing all 
questions out to an answer—if tlmre be any answer. One in¬ 
dubitable sign of Iboreau’s potent nature is that no student of 
Thenau’s WaUm, woUod entitled ’’Sobtude " 
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his work can depart unmoved. On the hps of the departmg is 
either eloquent praise or utter damnation of Thoreau. Both at¬ 
titudes bear witness to a genuineness m Thoreau And Thoreau’s 
word on farmers and farms and farming shall be the last word 
rather than Cr^vecoeur’s Wisely, Thoreau propounds the ques¬ 
tion that Crdveooeur forgot to consider Thoreau exclaims rather 
than questions 

“How rare to meet a farmer who is a man of sentiment!” 
But Crdvecoeur had so inflated his own sentiments as to attnbute 
them to farmers as a class He was precisely this exceptional far¬ 
mer of sentiment 

Thoreau amplifies by picturing the household of the average 
farmer m a style which leads to the question whether Crdve- 
coeur’s picture of his domestic bhss as a farmer was not far more 
exceptional than typical Says Thoreau 

How much oxen are like fanners generally, and cows like farmers’ wives! 
and young steers and heifers like farmers’ boys and furls! The fanner 
IS ox-like m his thought, m his walk, in his strength, m his trustworthiness, 
in his taste ** 

Is it merely that fanners have changed so and that farming has 
changed so between 1750 and 18507 Hardly hkely, though there 
were notable changes It is hard to doubt — with oil changes — 
that Thoreau has given a more veracious picture here of even the 
farmers of 1750 than ever Crdvecoeur did Crivecoeur's great 
fault is in posing as a representative of the profession. 

Again, Thoreau affirms m his Journal. 

1 must not lose any of my freedom by being a famer and landholder, 
, . The farmer’s muscles are ngid He can do one thing kmg, not many 
well Hu pace seems determined henceforth, he never quickens it A very 
ngid Nemesu u his fate When the i^t vdnd blows or a star calls, 1 can 
leave thu arable or grass ground, without making a will or settling my 
estate*^ 

In his astonishingly exceptional fashion, Cr&vecoeur appears 
to have transcended this farmer's Nemem, for be does many 
things wen, and foUows (if not the caU of a wmd or a star!) birds, 

** Tboreau’s Journal (Boston and New Yoric, 1906), Vol, II, p 832. 

w/hid,Vd,II,p 463. 

Tfaoreau's /oumof, Vol I, pp ^241,242, 
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bees and snakes, though his profession be fanning Has the 
tyjncal Amencan fanner ever transcended his fate thus? Excep¬ 
tional St John de Cr^vecoeur! Thoreau was by companson a 
cynically realistic observer of farmers He agrees with Cr^ve- 
coeur that the taming of the sod is more heroic than war But 
Thoreau dislikes or almost despises the scientifically perfect 
farmer whom Cr^vecoeur clearly envisions all his life** In 
Walden, Thoreau says, perhaps not quite consistently with eer^ 
tain other observations of his on farmers, but, at any rate, he is 
moved to say, and says “Farmers are respectable andmterest- 
ing to me in proportion as they are poor, - - poor farmers ” ** 
Again he dnves the same point home from another angle 

The journals think they cannot say too much on improvements m hus¬ 
bandry It IS a safe theme, like piety But for me, as for one of these 
farms brushed up, — a model farm, — I had as lief see a patent chum and 
a man tuminff It. It IB simply a place where somebody is making money ** 

Though it would be altogether unfair to Crdvecoeur to say that 
all he cared for as a farmer was 'somebody making money,’ the 
tone of his pronouncements about 'the bright idea of property’ 
leaves no doubt that the 'emolument’ fnan the soil is fundamen¬ 
tal even to his expansion and swelhng of heart This notion 
Thoreau sooms, while Thoreau’s reason for scorn is so remote 
from the habits of thought of Cr^vecoeur and the majonty of his 
literary contemporanes that they would have been bewildered 
and unable to grasp it Thorrau the transcendentahst, the 
Emersonian Thoreau, was oonfidrat that a life close to nature 
and the soil could, at its best, j^ld more spiritual truth and 
religious health than any other life. He knew that tiie man who 
hved m the open — that is, on a fann — might actually approach 
the great Spirit of the universe, the Oversoul, and zni^t be 

*■' See the fine paragraph on this eubjeot m the Journal, Vol IV, pp 483, 
484 The oonoluding olauM is memorable and so the sod was 

** Crdveooeur 10 copiotui with schemes to help the fanners in France and 
America during the years of hie consulship Material benefits ate naturally 
enough his obi^us eonoem m f anumg 

" Thoreau’s Wdldm, section on **The Pemds ^ 

M Thoreau’s Jotorud, Vol X, p. 23B6 
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penetrated by that Spmt more r»^y than any other man Be¬ 
yond this transeendental certitude about the magnificent pos¬ 
sibilities for the inner life of a farmer, Tfaoreau the mdividual — 
a far shrewder and more realistic seer than any other transoen- 
dentalist (not forgettmg Emerson or Wordsworth or Carlyle) — 
saw with crystal clarity just what farmers actually turned out to 
be, when you associated with them for days, weeks, months, 
years! Beyond a doubt the flounslung, scientific, improved 
fiunners were divorced from any pcasible spiritual benefits of the 
sort Thoreau prized The poor farmers, for their part, are ox- 
hke, stohd and stunned, yet Thoreau (who ou^t on theory to 
condemn them) finds these farmers of the second sort the most 
engrossing persons, as a class, m his world He alternately gibes 
at them and admires them One page of the Journal informs us 
that' “The farmer increases the extent the habitable eartii 
He makes soil That is an honorable occupation “ ** Another 
page informs us that Thoreau has just had “the downess and 
dullness of farmers reconfirmed ’’ ** If Cr^veooeur may be said to 
be compounded out of some measure of the stuff of ^usseau on 
one side, and of the stuff of Frankbn on the other, Thoreau is no 
less a remarkable compound of later tjrpes of idealist and realist 
But, as 1 began by saying, Thoreau is too mdividual to be ana¬ 
lysed into terms of other writers mr doers To try to pack tiie 
essential divergmce of tiieee two complex men m their attitude 
toward nature and the soil into one sentence is hazardous even to 
the pomt of recklessness Witii a ftdl sense of perO, then, let it 
be proposed that Cr6vecoeur viewed nature with sentiments of 
eurionty, sympathy, approval; and Thoreau viewed nature with 
the very passion (sometunes baffled) <ff religion A man of sen¬ 
timent is going—if like Crdveooeur his Imenness ot observation 
reveals to him that nature does not always fit sentiments—to 
disregard and blur and forget the u^y and intrusive facte. A 
man of passion — with equal keenness observation — is ginng 
to pursue and scrutinise every ui^y, rntrumve, discordant fact, to 
understand each, to rebel and fi^t. Crdveooeur qneads idng 

■ numsu's JourtuU, Vd. Ill, p 820. 

<• /bid, Vd. Vl,p 20 
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over those portions of the cake of nature lhat are either burned 
or soggy, his impulse to avert his eyes or to run away from 
the disturbing elements m human affairs on the occasions of 
the American and the French revolutions conffrms the earlier 
estimate of Cr^veeoeur-the-farmer as a man of sentiment only 
Thoreau, being put to a similar test m the affair of John Brownes 
effort at Harper^s Ferry, spoke and acted with vehement convic¬ 
tion in justification of John Brown at a tune when such overt 
action and speech were expected to lead both to imprisonment 
and (before that) to mob violence — the New England lynching 
of those days One might multiply instances from the lives of 
both men as they were related to people rather than to nature, 
still the unmistakable verdict would have to be — (^r^vecoeur, 
man of sentiment, albeit ingenious and practical, Thoreau, man 
of passion, albeit rebelliously shrewd 

UNiVBRsnr or Michioan 

IjeUerafrom an American Farmer^ Letter XII, ** Dintreenefl of a Frontier 
Man ” Portions of thiH letter are most unedifyiag in tlieir display of panic 
fear It u hardly a thuig to display I lie concludes (page 205) that *‘fielf- 
presorvaiion, tlierefore, the rule of nature, seems to the beat rule of 
conduct ” 

** Ko complete idea of Thoreau can be achieved without readmg his 
lectures Ctml Ihaohedimce and A Plea far CapUnn John Brown In the 
former lecture, Thoreau ardently declare ** Under a government which 
imprisons any unjustly, the true jdace for a just man is also a prison ” 
How cunously that woiild nng on the ear of J Hector St. John de Crdve- 
ooeur 




THE USE OF THE WORD ‘DYNAMIC’ 

IN PSYCHOLOGICAL LITERATURE 

G E RAGSDALE 

'jpHIS paper is an outgrowth of an attempt to review the recent 
literature on ‘dynamic psychology ’ Tlte writer began with 
three recent books Dom Verner Thomas Moore, Dynamic Psy¬ 
chology (Lippmcott, 1924), Robert S Woodworth, Dynamic Psy¬ 
chology (Columbia Umversity Press, 1918), John T MacCurdy, 
Problems in Dynamic Psychology (Macmillan, 1922) Two of 
these books use the expression as a title and it appears m the 
third title. A book by Arthur I Gates, Psychology for Students of 
Editcation (Macmillan, 1923) was also mcluded, smce it makes 
frequent use of the term ‘djrnarmc ’ It was believed that there 
would be some agreement between those books upon the material 
which should be designated by that name The word 'dynamic' 
has not been generally used by other writers. The results of the 
investigation have been rather surprising 

MacCurdy states that "Dynamic Psychology is a useful term 
which covers the study of mstinots, motoves, emotions and 
imaginative or autistic thinking as opposed to the more static 
functions of attention, perception^ memory and smular conscious 
logical processes.” By way of explanation be sasrs "The static 
mtellectual functions of the mind are like the mechanisms of an 
automobile, the emotional or instinettve Amotions are like its 
thermo-dynamios.” His definition is open to serious objection 
Webster’s dictionary d^nes okdtc as follows "pertaining to 
bodies at rest or in equilibrium resting, acting 1^ mere weight, 
as statical pressure.” Function, on the other hand, means, m a 
general sense, the doing, executing or {informing of anything; 
discharge, {lerformance. Therefore to f^eak of 'statio functions' 
IS oontradictoiy and means exactly nothing 
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Paaeing from thia oontradictcny definition to the material 
mcluded m bis book, we find that for him dynamic psychology 
means a study of the unconscious The motives (rf human 
activity he m the unconscious, which gets its origin and driving 
force from the instincts In discussing the “dynanucs of BU 0 ;ee- 
tion and psychoanalysis,” MacCurdy states that ideally “Cure 
rests not on an abolition of symptoms such as suggestion may af¬ 
fect, but on a redirection of unconscious sbivings which suggestion 
does not attempt to produce, and which, in fact, occurs spon¬ 
taneously ” Concerning its method, he thinks that psychoan¬ 
alysis treats “Objectively, but as purely mental, the most 
dynamic factors in human life ” ‘Dynamic,* refers, therefore, 
to unconscious forces. 

Choice between different possible activities is not a matter 
of mtelhgence, else man would be m a paralysis of mdecimon 
“This choice-function — this motivation — is denved from the 
instmctivc part of the human psyche and intelligence is merely 
the instrument of instinct ” Smce man foresees his bdiaAuor, 
his instinctive reactions appear as motives rather than as 
sunple reactions, except m emeigencies “The study of man’s 
emergency liehavior would be an extremely sunple i«oblem. 
The real task of psychology is tiie discovery and analysis of 
mstinct-motivation, the form of instinct expression peouluur to 
man ” “The structure of the motivation requires memory and 
ideation with instinct to supply Uie dnvmg force The aU 
important dynamic elements are unconscious ideas charged with 
instinctive energy, le, instmet^notivations” (Freudian wish) 

Woodworth considers that dynamic paydiology is a study of 
iiie dnves of conduct, but he assigns r^tively httle impenrtance 
to the unconscious The point of view that is mteieeted in cause 
and effect, mental dynamics, is the emnmon-senee pomt of view 
m peyehology and is meet in evidence m the histoiy ^ psychology. 
Neither oonsoiousness nor behavior nor the two together provide a 
coherent system, oonsoiousness leaves out maigr things below its 
threshold; behavior leaves out much between stimulus and re¬ 
action. “But the essential thmg is to keep the dynamic pomt of 
view, and be working always toward a ifieaier view of the 
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mental ude of vital activity, refusing to be contented with the 
fragmentary views offered us by the exclusive students of either 
consciousness or behavior, but endeavoring to utihse the results 
of both those parties, and the results of bram physiology as well, 
for an understanding of the complete processes of mental activity 
and development" 

According to Woodworth the two mam problems of dynamic 
psychology are (1) mechanism and (2) drive They correspond 
to the questions How? and Why? In a simple reflex this dia- 
tmction means little, in more comphcatcd behavior, the problem 
IS to get from drive as an external stimulus to drive as an m- 
tcmal motive. “It is therefore a very important fact, for our 
purpose, that a nerve center, aroused to activity, does not m aU 
cases relapse into quiescence, after a momentary dischaige Its 
state of activity may outlast the stimulus that aroused it, and 
this residual activity in one center may act aa a dnve to another 
center ” In another place he sasrs “The great aim of the book 
IS, that 18 to say, to attempt to show that any mechanism — ex¬ 
cept perhaps some of the most rudimentary t^t give the simple 
reflexes — once it is aroused, is capable of furnishing its own 
drive and also of lending drive to other connected mechanisms *’ 
Dynamic psychology is, therefore, a study of mechanisms and 
their drives, but these include acquired as well as instmctive 
mechanisms and drives, they molude conscious as well as un¬ 
conscious mechanisms 

Instead of being a subdivision of psychology, as MaoCurdy 
believes, dynamic psychology, in Woodworth’s opinion, is an 
all-inclusive term, embracing a study oi consciousness, of be¬ 
havior, as well as things usudly omitted from the study of these 
two In bis book he discusses the histoiical development of 
psychology, its problems and methods, man’s native and ac¬ 
quired equipment, selection and control, onginahty, abnormal 
and Booud behavior This list includes practically everything 
usually found m a general text on psychology except the sen¬ 
sory processes as such. He identifies dynamic psychology with 
all psychology in the statment “A dynamic piQrehology must 
utihae the observations of consciousness and be^vior as mdi- 
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cations of the workings of the mind, and that, in spite of formal 
defimtions to the contrary, is what psychologists have been trying 
to accomplish since the begmnmg ” His book is an argument 
for a point of view, for mterpretation of phenomena m terms of 
causal relationship; it is not a systematic presentation of any 
particular portion of psychology, nw a plea for any particular 
method 

Moore tolls us in the Preface to his book that it presents the 
essentials of a course in psychology that will give the student 
“(a) an insight into the modem trends m psychology, (b) a 
foundation for a practical understanding of his own inner life 
that will be of assistance to him m the solution of the mental 
difficulties that continually arise m the course of an ordinary 
existence, and (c) an introduction to the clmical problems of 
psychology that will open the way to an appreciation of border¬ 
line mental cases and a technique for handhng them, should a 
medical training lead hun further into tiie field ” He presents 
the material usually found in texts on psychology with the ex¬ 
ception of the sensory processes as such and with tiie addition 
of several chapters on psychoanalysis and psychotherapy He 
defines psychology as ‘Hhe science of human personality,” with 
the further explanation that “what chaiactenaes human per¬ 
sonality most specifically is its mode of conscious behavior” 
He does not attempt to justify his use of the word 'dynamic’ in 
the title and uses the word m only one place m the text; “It 
is necessary to analyse consciousness before we can attempt to 
obtain that synthetic knowledge which gives us that insight into 
tile workings of any mdividual mind Hence it is necessary, even 
in dynamic psychology, to know something about the elements of 
our mental life.” By dynamic pqrchology, he apparently means 
“synthetic knowledge which gives us an insight mto tte work¬ 
ings of any mdividual mind ” Moore seenungly widies to 
emphasize the practical value of pcyehology m enabling the 
mdividual to understand and direct his own mental Me or 
the mental life of others, and chooses the word 'dynamic’ to 
express that aim. 

Gates uses the word primarily in ooaneotkm with instinct. 
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He wntee of the “d}rnainie rdle of instinct in habit fonnation,’' 
meaning that instmct furnishes the motive force which leads to 
habit formation The instincts impel to activity, and if the 
situation IS novel, the result is learning “The sex instmcts, 
self-assertion, hoarding and many others . also act as dnvcs 
like hunger, although differences m strength arc admitted 
Altogether they form the fundamental dynamic forces which 
guide hiunan conduct.” ‘Dynanuc’ thus refers at the same 
time to a driving force apd a directing agency In his Preface he 
says that “A relatively large amount of space is given to the 
mechanics and dynamics of human nature ” Does that mean 
that possibly some day wc may expect some psychologist to write 
a text on “Meclianical Psychology” as a compamon to the books 
of Woodworth, MaoCurdy and Moore’ 

These writers, therefore, do not agree upon any particular 
subdivision of the general field of psychology, nor do they em¬ 
phasize any particular psychological method The thing m 
common is rather an aim Psychology should be studied, not for 
its own sake, but rather for its effect upon our lives as mdividuals 
and as social beings Dynamic (meaning, pertaining to power) 
is used by them as a synonym for forceful (meaning, acting with 
power). Psychology is becoming popular with the man on the 
street and m business He is not interested m the things which 
can be hit upon by the arm-chair philosopher or the * experimen¬ 
tal’ psychologist in his laboratory. He is interested m things 
which are found in the social life, m the home, in school, m com¬ 
merce, m hterature, in war, in politics, m religion He wants to 
understand the things which make people rejoice and weep, buy 
and sell, fight and love, sit for hours m the hbrary or m the class¬ 
room He is concerned with the practical nffairs of hving. Dy¬ 
namic psychology, meamng psychology which “acts with power” 
upon oUr mdividual and social life, might be expected to appeal 
to him, that is indeed just what thmks psychology ought to 
do He wants action; accordingly our ’dynamic psychologists’ 
attempt to give it to him — m the title of t^r books at least 
Dynamic psychology, then, is mer^ general psychology, with 
the to the ottimaiy man — less mterestmg pa^ left out, it is 
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general psychology popularued and, to a certain extent, applied 
to the problems of living MacCurdy recognises this fact when 
he says “Dynanuc psychology is a relatively new science which 
has grown up from the observations and speculations of sociolo¬ 
gists, anthropologists, criminologists, neurologists and petychi- 
atnsts (to a leas extent from the work of the pqrchologist with 
normal man) ” Woodworth recognizes it when he puts together 
a senes of more or less popular lectures under the heading of 
dynamic psychology Moore is avowedly wnting a book which is 
to be used as a guide in practical living Gates is wnting a book 
for teachers when he talks of the mechames and dynamics of 
human nature It seems highly probable that the word ‘dy¬ 
namic’ IB introduced into such diBcusstons as a catch-word rather 
than for its intnnsic meaning It is mtended to catch the popu¬ 
lar fancy Its legitimate use would seem to be to mphasise the 
fact that psychology is a study of processes, or functions, or 
activities rather than a study of lifeless, inactive material. 

UNivmsrrr or Micbioam 



SOME PRELIMINARY STUDIES 
IN REASONING 

E B. SKAOQB 


p'EW experimental psychologists are at all content with the 
usual textbook treatment of reasomng What are the 'ear* 
marks’ of reasoning? Is there something unique m our asso¬ 
ciation processes dunng reasoning, or is reasomng to bo 
distinguished only by an end result, an attitude toward the last 
mental process or content? This discontent with the present 
logical exposition of reasoning started the writer on the mvesti- 
gation herein reported Many prehminaiy problems at once 
presented themselves, however, and it became evident that 
their settlement was necessaiy before the more fundamental 
questions could be handled The result is that the work herein 
reported deals more with these superficial problems, peihaps, 
than with the more fundamental problem, "What is it that makes 
reasoning reasoning?" An attempt has been made to obtain 
some light upon the following problems (1) Is there any cor¬ 
relation between ability to solve different kmdi of problmns, that 
is to Bay, if a person is a good roasoner m one kind of problem 
will he be good in another, if Ips past expmienoe is adequate? 
(2) If one compares so-called 'concrete p^ormance’ and 'ab¬ 
stract reasomng’ tests, what will one find as to the mter- and 
intra-oorrelations for these groups? (3) Arp there any sex dif¬ 
ferences indicated? (4) To what extent is the number of 
moves made in a performanoe teat indicative of the time taken 
and vice versa? 

I 

Using the popular olassifioation of concrete and abstract, 
tiie writer, with the assistance of Mr. A. W Beiehert, a college 
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senior majoring m psychology, arranged a series of tests mto two 
groups, which we shall designate as Group I, abstract reasoning 
tests, and Group II, concrete reasoning tests The nature of 
these tests will be described shortly They were given to stu¬ 
dents in the writer's elementary psychology classes The sub¬ 
jects were fairly representative college students They were 
selected at random and, to judge by the distribution of their 
psychology grades and their distributoon of scores on the tests, 
they appear representative of the larger group The abstract 
tests (Tests I, II, III, IV and V) were made under small group 
conditions, not more than twenty students being pennitted to a 
group The concrete reasoning tests (Tests VI, VII, VIII and 
IX) were done mdividually Mr. Reichert used thirty-eight 
persons, all men, in his work The writer used one hundred and 
eighteen students, although in only a few instances did all these 
persons participate In presenting the tabulated figures we have 
specified the number of cases and the number of men and women 
used 

The students were told frankly what the tests were about and 
asked to give their utmost efforts to follow directions The 
wntor feels safe m asserting that the subjects entered into the 
“spirit of the thing” with apparently keen mterest and effort 
We tried to ehminate fatigue by giving five to ten mmutes of 
rest after each test. Of necessity, all tests were done m the 
afternoon. Tests in Group II were given at approximately the 
same time of day as those of Group I The wnter rotated the 
order of the tests for each of his small groups, while Mr. Rei¬ 
chert gave the tests in the order (reading down) given m TaUe 
III No subject did the tests who reported himself or herself as 
being fatigued or indisposed. 

We are aware of many objections to, or possible entieisms of, 
data herein reported and the suggestions m^e upon the basis of 
their consideration. With the material at hand we have tned, 
however, to control conditions as best we could. Chily raw 
correlation coefficients are reported because we have diosen to 
risk all upon the validity of the data themselves The results 
must stand or fall upon the basis of eimtrol of conditions rather 
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than mathematical ‘patching up‘ One must go slowly m 
adducing generalizations from the data because, at best, the 
measuring instruments are crude From the standpoint of ideal 
measuring scales, our tests may be severely criticised both as 
regards the arbitranness of their units and the uncertainty of 
their zero points 

The following tests or ‘problem situations’ were used. As 
most of them are well known we shall be voiy bnef m de¬ 
scribing them 


Group I Abstract Reasoning 

I ThursiWkB Btasmtng SyUogum Tenta Sanaa A — The subject is given 
four minutes to do as many as possible AH subje<,ts are warned to 
think each problem throu^ 'm their heads' and theu to mdieate 
whether the conclusion ts warranted or not No making of marks of 
any kmd by pencil was permitted (Of course we could not prohibit 
the 'wigging of the tongue,’ ’twisting the fingerB,’ and such actions 
These things were done and really amount to making marks) 

Sampub Sliver is heavier than mm, 

Copper IS hglitcr than silver, 

Therefore copper is heavier than iron Rij^t. Wrong 

II Thwraiom SyUog^am Taaia Serwa B — The subject is given 

BIX minutes to do as many tests as possible This test is very similar 
to the preceding, but the majority of subjects msist that it is harder 
The same names of persons occur over and over m each test and this 
seems to be the most oonfusmg element 
Sample Brown is taller than Jones, 

# Brown » shorter than Smith, 

Therefore Jones is taller than Smith Ri|^t Wrong. 

IIL Number Plan Cmpiletum Teat — This ts the well-known test No 6, 
form 6, of the Army Alpha tests The subject is given five mmutes 
in which to work as many prot&ms as possible 

IV Anlhmetnc Reaeamng PrMema — These are the arithmetic tests taken 
from the Army Alpha tests, test No 2, form 6. 

V GnfflUa* CanelrueUve Vtaual ItnagvnaUcn Ttan Senes B — This w an 
unpubhshed senes of tests constructed by G H GnfiittB, University 
of Michigan, for work on imagery 'Hie writer considers thorn first- 
class ’leaaonmg tests’ and so has incorporated them here The sub¬ 
ject 18 given ten mmutes. 

Sample Doscnption —Two columns of geometneal figures are 
dmwn on a page. Opposite each geometneal figure ate the direo- 
tlonfl Thus opposite one figure, a square, are the instructions 
*’Dniw two hues dzvidlag the square into one triangle and two 
fcHUHdded figures’’ 
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ObOITP II. CoNCBBTB RKASOmNG 

VL Th« HmAy Ccnatruetum PwU — This is a formboard m which five 
figures have been out out and into which eleven ptieces can, by proper 
arrangemofit, be fitted The subject is told to replace all pieces 
as soon as possible 

Vll Deaiham FormJboard Conttrutiton Teat * — The problem presented here 
18 the same as problem C given m the Army Performance Tests The 
subject must replace the extra blocks m the form as soon as possible 
and in the smallest number of moves 

VIII A MQUik%nQ of Tnanfflea Teal — The writer constructed this test to l)e 
used m another mvestigation, but mcorporated it mto this senes for 
reasons which will be explained later Sixteen small isosceles triangles 
are drawn, four to a row, upon a white cardboard whose dimenstons 
are 12 by 12 inches On each of sixteen separate cards, 3) by 4 
mobes, is drawn a tnangle identical to one which is on the 1 ^ 0 c form * 
A glass covers the large form The subject must take up each card, 
one by one, m the left hand, and, holdmg it m a apecn^ed place at the 
upper left-hand comer of the large form, find the one it matches best 
Accuracy was stressed and time considerad ummpcwtant 

IX. Knox Ihamond Conetrwjtion Teal — This is another construction or 
completion pussle Six pieces must be so arranged that all will fit 
into the diamond form I'une and error records were taken 

11 

With regard to the problem oS eorrelationg between the tests, 
Tables I, II and III summarise our findings. Table I gives the 
inter-oorrelations between the various tests for the oombmid 
data obtained from men and women. Table II presents the 
resuHe for men alone. Table III is the result of separate research 
carried on by Mr. A. W. Reichert. Only mm were used in this 
last study. 

The second entry in each group of numbers gives the P. E. 
values of r. The figures m parentheses represent the number of 
oases upon which r is based. 

* See ostalogue, 0. H Stodtmg Cc., Oiioeio, for a piotan of tbie teet 

> See page lOS, Army MmUal Tut», by Yoakum and Yeikea. 

• Eatdi tnan^ eomotly uatohed ie munted ae oae uidt However, 
when weighted grvuig them thmr 8. D valuee aooordrag to Affioiilty, 
eome an vary eaey and aome very diffloult Several an eqwd in diffioul^ 
and, when eeajed, large gape aw pteeeat Theteetiathnsoiuy aonidemeaa* 
unng metrument but we hM no tune for further wotfc witii tte aeale. 
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TABLE I 

Data of Tests for Both Men anr Woken 



Tbufstone 

430 


SyUogtBtn 

0504 


TestB 

(118) 


Number Plan 

303 

380 

Completion 

0562 

0520 

TesBt 

(118) 

(118) 

AnUunetic 

670 

206 

Reaaonmg 

0340 

0560 

Test 

(118) 

(117) 

Onffitts’ 

540 

205 

C V 1 

0576 

0780 

TestB 

(68) 

(67) 

Healy 

276 

034 

Gemstmotion 

0051 

1045 

Pwule B 

(42) 

(43) 

Matching 

156 

- 004 

Triaofl^ 

0988 

1005 

Test 

(48) 

(43) 



710 

0301 

(87) 


600 

250 



0008 

0763 



(68) 

(66) 



667 

040 

107 


0710 

1030 

1006 


(42) 

(42) 

(41) 


106 

027 

070 

280 

1006 

1006 

0060 

0870 

(48) 

(43) 

(46) 

(46) 
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TABLE II 


Data of Tests Fob Men Onlt 


Thurstone 

Byllogusm 

TestB 


„ a 

§ Epq 

2 0?? 

II 

mratone 
Syllogis 
Teat A 

timber 1 
Comple 
Test 


€ 


367 



0737 



(02) 






Number Plan 

214 

345 

Completion 

0797 

0437 

Test 

(63) 

(63) 

Anthmoticai 

240 

268 

Hoasonmg 

0355 

0777 

Test 

(63) 

(63) 

Gnfhtts’ 

307 

171 

C V I 

0938 

1022 

TestB 

(41) 

(41) 

Healy 

300 

024 

Construction 

1140 

1147 

I^usle B 

(31) 

(31) 

Matcfamg 

051 

045 

Trion^ 

1130 

1150 

XMt 

(32) 

(32) 


500 

OOdO 

(64) 


016 

620 



1006 

0737 



(43) 

(42) 



147 

- 26 

- 210 


1020 

1147 

1130 


(31) 

(81) 

(32) 


019 

014 

023 

103 

1200 

1189 

1200 

1159 

(82) 

(82) 

(81) 

(82) 
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TABLE III 


Data of Tssts Fob Men Only 

This table was compiled by Mr A W Reichert In each mstanoe the 
number of students examined was tlurty-eiglit 



Thurstone A 331 
1010 


Thurstonc B 309 800 

0930 0280 


Numlier Plan 603 118 260 

Completion 0800 1090 1010 


Anthmetioal 386 201 200 611 

Reasoning 0930 1090 1090 0800 

Hoaly Puxsle 288 024 - 027 307 193 

Construction B 1000 1000 1090 0930 1090 


Dearborn Form 
Board 

382 

0930 

356 

0920 

237 

1010 

430 

0870 

- 005 
1090 

389 

0930 


Knox Diamond 
Form Test 

311 

0960 

090 

1090 

- 101 
1060 

071 

1090 

- 133 
1000 

355 

0030 

606 

0740 
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A study of the Tables indicates several interesting and 
suggestive conditions 

(1) One finds a fairly high intrarcorrelation within the group 
of abstract reasoning tests We have taken the average r 
values in each of the three Tables and present the following 
results. 


TABLE IV 

Mean Intra-cobbeIaATIon Values 



Kange 

Number of 
r values 

Intm-correlntion 

value 

Tadlb I 

206- 710 


42S4 

Tablu 11 

OlO- 520 


204g 

TabIsB 11 • 

214- 520 


3336 

TabIsR Hi 

list- 860 

6 

3567 


* With two very extreme r values removed, namely, 010 and 171 
t The r value of ] 18 is probably accidental and peiiu^w should not be 
considered This would imse the average 


The average r value for aJl three tables combined Is 3805, 
which IS obtamed by dividing 8.372 (total of r values) by 26 
(number of cases of r values) 

(2) Inspecting the data with regard to the intra-oorrelationa 
withm the concrete group of tests (Group II), we find again a 
oomostent and fairly high correlation witW the Group* 

Table III (which alone can be used here): The mean mtra* 
correlation value is .4363, being based upon the three r 
values, .389 .355 and .565 

(3) If we compare the intrarcorrelationB between these two 
groups we find expressed a positive rdationship, but m all eases 
it IB very small The fallowing figures indicate the situalaon. 

Tabu I. Mean r value between Healy Puaale B and the tests of Qroup I 
IS 9086. (I'bis IS based upon the values, 976, 084, 867, OM and 107. 
The mean value would bo much smMler if we ehmmate the value 667, 
which IS probably aocidentd) 
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Tabjur II Mean r value between Healy Puzzle B and other tests of 
Group I IS 0783 (This is based on values 300, 034, 147 and the 
negative values - 200 and - 210) 

Tabuq 111 Mean r value between Group 1 and 

Healy Puzzle B is 1302, based upon the values 024, - 027, 307 and 
103, 

Dearliom Board is 2812, baaed upon the values 382, 256, 237, 450, 
and - 005 (Note that the Dearborn formboard correlates more highly 
than any uth(*r of the test of Group II with Group 1), 

Knox Diamond Frame is 0476, based upon the values 311, 000, - 101, 
- 071 and * 133 

The average for all r values between Groins 1 and II is found to lie 1560 

There remains the much more difficult problem of interpreting 
these results We offer the following explanations and sugges¬ 
tions for what they are worth The common-sense grouping of 
these tests is justified, to some extent at least, by the correlation 
coefficients The fact that each group gives a larger intra-cor- 
relation than the mter-corrclation seems significant It at once 
suggests that the tests involve different capacities This might, 
on the surface, argue for different kinds of reasoning On the 
other hand the fact that there is positive correlation between the 
two groups makes one suspect that some one or more common 
factors are involved. 

Wo believe that the lack of high correlation between the two 
groups of tests may be explained m several ways. In the con¬ 
crete tests one notes that the subject may solve his problem 
by mere trial and error in the usual sense of the term While 
most such procedures will result in long times and many moves, 
there are enough 'accidental' sucoessee m a short time and with 
few moves to lower ,correlation values. In addition to this, 
however, these groups of tests, as here considered, might involve 
two extremes or types of capacity In other words the two 
groups of tests either differ by a wide gap in a scale of degree 
or they may be actually different in kmd In the con¬ 
crete tests the situation is always present in a perceptual form, 
whereas in the abstract tests the rituation must be represented 
in imagination. So far as there are any great differences between 
the processes involved m the two groups, wo believe that they 
lie jui^ here It is easy to hold in memory b visual perception 
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of a triangle, but very difficult to hold in mind an imagmed 
tnangle. 

The training effects, the difference m the backgrounds of 
expenence, on the part of the subjects might enter into the 
matter also While wo tried to use tests which would involve a 
fairly similar background of experiences, we cannot assume that 
our results are free from the influence of difference in training 
effects These differences would work to lower our correlations, it 
IB true, but one would expect it to work within each group as 
well as between the groups 

The question at once anscs as to whether the terms 'concrete’ 
and 'abstract’ as applied to reasoning are not, after all, but 
terms signifying extremes of degrees and not differences of kind 
Granting that our tests in Group II involve a more dofimte 
perceptual consciousness, we must remember that perception 
consists m great part of centrally aroused processes. Consider 
now the subject who, working a formboard, looks over the blocks 
and sees them in their proper relations tn hts mind liefore trying 
them out Are his brain-processes fundamentally different from 
those mvolved when ho thinks out a mathematical problem? 
Our own contention is that it is both permcious and false to 
classify our reaaomng processes as to abstract and concrete Wo 
believe that a finer analysis of the fundamental capacity mvolved 
would show that these types of reasoning are but extreme 
differences m degree of difficulty, involving the same essential 
process 

If we should ingeniously select all kinds of reasoning problems 
it is likely that we could fonn a measunqg scale of an order of 
increasing difficulty and havmg no gaps At the bottom of the 
scale, near the zero pomt, would he simple formboard tests, 
while near the upper end of the soi^ would be the so^alled 
abstract tests If this way of viewing reasomng capacity is 
sound, then most reasoning testa which pretend to he scaled 
are at fault, for moat scales use tests in which just one level or 
smidl range of the fundamental capacity to reason is mvolved. 
We use the term 'level’ merely in the sense of "withm a given 
range of difficulty.” Any test which ma}** bo solved by any wild 
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tnal-and-error proceiss m action la not a good test of reasoning 
Reasoning is a process of solving problems, but not all problem¬ 
solving IB reasoning 

One further theoretical suggestion may be made We might 
regard the capacity to solve problems at the upper end of the 
scale mentioned above (that is, solve what is now calleil abstrac^t 
reasoning problems) as a higher form of evolutionary develop¬ 
ment than the capacity to solve problems at the lower end of the 
scale Thus wo should expect that those who can solve by 
reason problems tliat m our present terminology, are called 
abstract, could also reason well in concrete problems, although 
the reverse would not necessarily be true^ 

III 

What IS the relation between the amount of time taken and 
the number of changes made m workmg so-called concrete 
problems'^ The correlation between time taken and the number of 
changes made m constructing the formboards we found as fol¬ 
lows 

In cose of Healy Pusslc B, r w 891, P B , 0228, N, 38 Men 

In rose of Dearborn Board, r is 630, P E , 0670, N, 38 Men 

In other words the tune for solving this kind of situation, 
where trial and error are at a premium, can be largely substituted 
for the actual moves or changes made. 

IV 

In a very stimulatiiig piece of work reported by J F Shepard 
and H. M. Fogelsonger ^ a serious attempt was made to get at 

* The wnter has made these contentionB before 8ce '^Correlation 
between Healy Picture Completion Teat and Terman Bmet.,” Journal cf 
EdtusaJtumal P9ycMogy, 11 (1920) 418^1, and also Johnson, Burford, and 
Sclmefer, “A Companson of Mental Age Scores Obtained by Performance 
Xosts and the St^ord Revision of the Binot Simon Scale,” op ct/*, 
13 (1022)*408Hlt9 

What la badly needed la a keener anatyaia of the fundamental pioceea or 
rapamty involved m reasoning —^ the thing that makes reasonmg reasoning 
That IB what we want to moaauie 

* "Studies m Asaoctation and Inhibition," Psy Bev , XX (1913) 290-311. 
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the fundamental thing involved m reasoning and attention hy 
experimental methods These investigators say (page 310)* 

It 18 desired merely to suggest here that the mterassodatrons among 
the elements of a group have their inhibitory side of the kind shown m our 
experiments, which oauses the factors of a sub-group to h<dd together and at 
the same time seem incomplete, which prevents mixture and confaMan 
groups and which consequently, in the altmnatHm from one group to an¬ 
other, forces a distmction of the difforonees from the likenesses up to the 
limit of this type of abihty for the individual 

These vmters attempt to reduce reasoning, in essence, to a 
capacity for noting likenesses uid differences For them this 
capacity is the mne qua non of reasoning Others suggest the 
‘likeness side ’ Kuo ‘ finds that this cf^mcity to discover re¬ 
lationships, to discover the common elements mvolved, is the 
mark of the good reasonor We incorporated among our tests one 
for judging similarities and differences between ttiang^es Refer¬ 
ence to Tables I and II shows at a glance that there is 
practically no relationship between capacity in this test and 
the other reasoning tests The only suggestion derived from 
these facts is that when we say tW the capacity to notice 
relationships, to note similanties and differences, or to pick out 
common elements is essential to reasonmg, we probably must 
eliminate these processes as present in sunple perceptual ex¬ 
perience It 18 possible that an ingemoua scale might be devised 
for measurmg basic reasoning capacity which, according to the 
suggestions in the researches reported above, would be radic^y 
different from anything now existmg tmder the name at reason¬ 
ing test 


V 

A brief oomparison may be made between the socMes oS the 
men and women whose records contnbuted to Table 1. In aU 
oases, except the Hedy Pussle Construotion test, the median 
for the men is better than that fw the women and is lOcewise 
more variable The results are as follows* 

* “A Behavionsbo Expenment on loduoUve InfeMBoe," Jtum, Sgpt. 
Pay., VI (1028) 24r-488 
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Thuntone Beasonmg Test A 

Median for men, 8, M V, 2 OO, mngD, 3-18 inoiumve, N, A2 

Median for women, 7, M V, 2 03, range, 2-17 mrlusive, N, 55 

Thurstone Beasonmg Test B 

Median for men, 14, M V, 5 01, range, 3-28 mdiuuve, N, 63 

Median for women, 12, M V, 4 70, range, 2-20 mclusive, N, 55 

Number Plan Compk^tion Test 

Median for men, 12, M V, 2 73, range, 5-10 inclusive, N, 64 

Median for women 11, M V, 1 04, range, 6-17 inclusive, N, 56 

Arithmetic Beasonmg Test 

Median for men, 13, M V, 1 82, range, 7-10 inclusive, N, 64 

Median for women, 11, M V, 1 72, range, 1-18 mclusive, N, 64 

Healy Pusslo Oonstruction Pussle B 

Median for men, 06 seconds, N, 52, range, 23-380 seconds 
Median for women, 66 seconds, N, 47, range, 22-837 seconds 

BUIUCABT 

1 Following the popular common-sense classification we divided 
our tests into two groups, one called ‘abstract’ and the 
other 'concrete ’ Within each group the rntra-correlations 
were found positive and consistently high The correlation 
between the two groups, however, was very small m most 
cases and never high 

2. The fact of positive, though low, correlation between the 
groups suggests that there is somothing common to any and 
all kmds of true reasoning 

3 The fact that the correlations withm each group were far 
higher than the correlations between the groups suggests 
that we are dealing either with two different things or 
capaeities or else two extremes of the same thing 

4. Hie suggestion is offered that it is both false and confusing to 

speak of concrete and abstract types of reasoning A keener 
analsrais of the fundamental capacity or processes involved m 
eadi case would mdicate tliat the same capacity is mvolved, 
any difference being merely one of degree and not of kmd 

5. Soiled 'conorete' reasoning tests, such as are considered in 

this report, are poor testa because they pemut of so mudi 
txial-aud>H»ror process, which may lead to a solution of the 
problem. 
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6 If we grant that reasoning is a unique form of association 

process m which a capacity to note likenesses and diffei^ 
ences is fundamental, then this capacity m the form of 
perceptual discnmination must be ruled out Ability to 
note likeness and difference in perceptual discnminations, 
as such, 18 no indication whatever of capacity to reason 

7 In so-called 'concrete* forms of reasoning tests (usually 

called 'performance* tests) the tune taken, when the sub¬ 
ject 18 told to work the problem as fast as possible, is a 
good mdication of the number of moves or changes made 

8 Among college students there is indication that the men do 

better on the more truly reasonmg tests than the women 
The median of the men is also more variable 

CoLLBax: OP the City op Dethoit 
DetboiTi Micbiqan 



THE PROPORTION OF EXCEPTIONS IN THE 
OFFSPRING OF EXCEPTIONAL FEMALES 
FROM X-RAY TREATMENT OF DROSO¬ 
PHILA* 


E G ANDERSON 

JRRKGULARITY in the maturation divisions m females of 
DroHophila melemgaskr gives rise to occasional eggs having 
two X-chroraosomos or none in place of the sin^e X-chromosome 
normally present These give nse to females or males which are 
exceptional m that they do not denve their sex-lmked characters 
in the usual cnsscross fashion (Bndges, 1916) The frequency 
of these primary non-disjunctional exceptions is about 1 per 
4000 for females and about 1 per lOOO for males (Bridges, 
1916, Safir, 1920, Mavor, 1922, 1923, 1924, Anderson, 1924) 
When females are subjected to X-ray treatment, there results 
an increased percentage of exceptions The percentage of 
exceptions after X-ray treatment is about twenty tunes as 
great as the percentage obtamed without treatment (Mavor, 
1922, 1923, 1924; Anderson, 1924) 

When progenies are grown from the exceptional females, ex¬ 
ceptional offspring are again obtained In this case they are due 
to the presence of a supernumerary Y-chromoeome m the mother 
The proportion of these secondary exceptioSs is usually about four 
per cent for both sexes (Bridges, 1916) One hne giving twenty 
per cent exceptions was reported by Bndges (1916) and has 
been further studied also by Bonmer (1923) These mvesti- 
gators have ediown Uxat the potentiality of producing a high 

* Paper from the Department of Botany of die University of Michigan, 
No 285, reporting nsearph ronduoted by the author while holding ^ipomt- 
ment as National Research F^w m Biotqgr 

855 
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percentage of exceptions is transmitted through the X-chromo- 
somes of this line 

In order to use X-rays as a help in determining the per¬ 
centage of secondary non-disjunetion charaotcnstic of a given 
stock of Drosophila, it is essential tiiat we know whether or not 
the X-ray treatment may cause any hereditary alteration of this 
characteristic The evidence available for Drosophila mdicates 
only a temporary effect of the X-rays on the maturation di¬ 
visions occurring within a limited ponod after treatment with 
no hereditary modifications m the chromosomes themselves 
(Mavor, he at, Mavor and Svenson, 1924) Thus we may ex¬ 
pect the exceptional flies obtained after X-ray treatment to give 
the same distnbution of offspnng as Hie exceptiims which occur 
naturally without X-ray treatment But experunental verification 
IS important before the use of X-rays is justified as a method of 
determining the normal capacity of any stock to produce second¬ 
ary exceptions m the presence of a supernumerary Y-chromo- 
some During the course of studies on the interrelations of 
non-disjunction and crossing-over by the help of X-rays, data 
were obtained on the progeny of a number of the primary ex¬ 
ceptions obtained in this way 

EXPtmUENTAL DATA 

Echinus cut garnet (ec et g) females were mated to scute 
orossvemless vermilion forked {ae co v f) males. Virgm Fi fe¬ 
males were rayed within 28 hours after emergence and then 
mated to yellow scute orossveinless Bar ^ sc cv B) or yellow 
forked Bar (v / B) males (Anderson, 1924) Exceptional daugh¬ 
ters were distinguished by their full round eyes in contrast to 
the Bar eyes of the regular dau^ten. The exceptional females 
obtained were mated to yellow scute erossvemlees Bar males 
primarily m order to detenmne their X-eonstituttons As 
complete counts were made tiiese ptogMiies pve the p»centege 
(ff exceptions and also the distnbutiem <tf crossovers among the 
males. 
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TABLE 1 


PRoaxiNT OF Non-Eqoational ExasmoNB from X-Rat TnaATimiT 


Exception 

uuxnlier 

Regular 

fomidea 

Regular 

nuileB 

Excep- 

ttonu 

females 

Excep¬ 

tional 

males 

Total 

Peroentaico 

of 

exoeptioas 

3 

308 , 

384 

9 

mm 

802 

2 5 

4 

209 ' 

248 

11 


565 

3 2 

12 

73 

78 

1 


154 

1 0 

14 

246 

135 

7 


403 

5 7 

26 

180 

168 

5 


357 

2 5 

26 

206 

183 

4 

9 

402 

3 2 

27 

186 ! 

170 

7 

4 

367 

3 0 

28 


234 

6 

10 

490 

3 3 

30 

244 

252 

6 

6 

508 

2 4 

32 1 

151 

128 

3 

2 

284 

1 8 

35 ! 

294 

205 

8 

12 

600 

3 3 

37 1 

141 

135 

5 

3 

284 

2 8 

30 

160 

152 

3 

2 

317 

1 6 

42 

123 

117 

3 

3 

246 

2 4 

43 



2 

3 

141 

3 5 

47 


138 

4 

6 

283 

3 5 

61 


108 

0 

1 

234 

0 4 

57 

100 

101 

1 

5 

213 

2 8 

62 

158 

130 

10 

5 

312 

4 8 

63 

202 

m 

5 

4 

405 

2 2 

65 

258 

246 

3 

12 

619 

2 9 

66 

107 

96 

5 

6 

214 

5 1 

73 

109 

112 

4 

5 

230 

3 0 

75 

68 

37 

2 

1 

108 

2 8 

08 


69 

3 

2 

164 

3 0 

102 

95 

85 

3 

2 

185 

2 7 

109 

184 


2 

3 

392 

1 3 

112 


761 

21 

30 

1662 

3 1 

120 

166 

121 

5 

8 

300 

4 3 

133 

93 

86 

5 

2 

186 

3 8 

135 

74 

63 

2 

2 

141 

2 8 

136 

57 

54 

6 

0 

117 

5 1 

140 

125 

no 

2 

3 

249 

2 0 

142 

130 

108 

7 

2 

256 

3 5 

144 

80 

88 

3 

4 

184 

4 3 

146 

120 

103 

4 

1 

237 

2 1 

157 

81 

64 

1 0 


145 

0 0 

17 

820 

818 

1 0 

7 


2 4 

10 

104 

177 


8 

877 

1 6 

128 

105 

117 

1 6 

8 

231 

3 0 

5 

280 

210 

3 

5 

467 

1 8 


90 

01 

2 


103 

1 6 

59 


164 

4 


378 

2 0 

w 

116 

122 

2 


244 

2 0 

187 

70 

69 

2 


153 

3 3 

34 


208 

11 


420 

4 9 

Total 

8010 

7316 

210 

242 

16787 

2 0 
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Table I gives the numbers of regular and exceptional offspnng 
for the non-equational exceptions, le. those which retained the 
entire X-constitution of their mother Hie last mno cultures 
were from females whose X-chromosomes were complementary 
crossovers Many of the lines were earned along several genera¬ 
tions by breeding from exceptional daughters, tibe data from all 
cultures being combined Progenies from forty-six primary ex¬ 
ceptions are listed The frequencies of secondary exceptions 
range from 0 to 6 per cent with a mean of 2 9 per cent These 
percentages are distnbuted as follows 


Percentages 
0 to 1 

1 to 2 

2 to 3 

3 to 4 

4 to 5 
6 to 6 


Frequency 

2 

7 

17 

13 

4 

3 


The distnbution approximates a normal frequency curve as is 
expected of random vanations Hie departures from the mean 
(2 9 per cent) or from 4 per cent are not greater than may be 
accounted for by errors of samphng alone If any heritable 
differences exist, they are of minor unportance only, or act in the 
direction of reducing the percentage of exceptions 

Table II gives the crossing-over from the same cultures 
Only the males could be used, and in genm»l, these were classi¬ 
fied for the first culture only. Thus the numbers Invdved Me 
much smaller than those of Table I. A summary of the crossmg- 
over data from Table II is given in Table III. Table IV gives 
a similar summary of oroanng-over from cmitrol culturee. The 
female parents of these cultures wore of the same constitution as 
those subjected to X-ray treatment. Fw ccunpanson the stand¬ 
ard map values as given by Bridges (1920) are added Hie 
crossover data appear to be reaaomd^ hmnogeneous. 
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TABLE III 

Sttmmart or Mat«b Progbnt of NoN-EQUAnotrAX. Exobptions 
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TABLE IV 

SUMUABT OF MaI^B PrOOENT OF CONTROL FbuALBB 


CroBBover 

reRioD 

Frequonoy ^ 

1 

Total 

cruaaovrn 

1 

i 

Comndencc 

Standard 

0 

924 


45 1 



1 Bc-eo 


162 

7 4 


5 5 

2 ec-cv 

131 

213 

10 4 


8 2 

3 cv-ct 

140 

171 

8 4 


7 3 

4 ct-^ 

221 

286 

14 0 


13 0 

5 v-s 

170 

230 

n 7 


11 4 

6 g-f 

167 

238 

11 6 


12 1 

1,2 




00 


If 3 

1 



08 


1.4 

16 



80 


1.5 

17 



96 


1.6 

14 



79 


2.3 

1 



06 


2.4 

13 



50 

• 

2.5 

21 



84 


2.6 

26 



1 01 


3.4 

4 



17 


3,5 

12 



65 


3,6 

12 





4,6 

6 



18 


4,6 

23 



78 


5,6 

3 



14 


1,4,6 

1 





2,4,6 

2 





3,5,6 

1 





Total males 

2047 





FemaleB 

2014 
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TABLE V 

PbOOENY of EqUATIONAL EhCCEPTIONB FROM 
X-Ray Trbatmbnt 


ExCGp- 

tiun 

number 

Phenotype 

Regular 

fomalcs 

Regular 

males 

Excep¬ 

tional 

females 

Excep¬ 

tion^ 

nmlAa 

Total 

Percent¬ 
age of 
excep- 
tioiia 

1 

8C ov 

362 

388 

15 

18 

783 

4 2 

2 

+ 

229 

221 

4 


462 

2 6 

10 

BC 

130 

147 

0 

mM 

288 

0 7 

18 

SC CV 

258 

264 

6 

■B 

532 

1 9 

22 

+ 

203 

176 

13 


403 

6 0 

24 

eo <»t 

219 

192 

6 

■9 

434 

3 0 

54 

vf 

157 

108 

a 

6 

274 

3 3 

58 

so CV V 

102 

81 

6 

4 

193 

5 2 

61 

80 

112 

142 

3 

2 

802 

1 7 

71 ♦ 

+ 

131 

67 

8 

2 


1 9 

72 

+ 

143 

125 


2 

270 

0 7 

74* 

+ 

135 

58 


0 


1 6 

91 

CV vf 

115 

109 


7 

233 

3 9 

117 

BO CV V 

127 

89 

1 

0 

217 

0 5 

139 

+ 

118 

127 


1 

248 

1 2 

147 

eo ot 

94 

90 


5 

104 

5 2 

149 

£ 

108 

96 


2 

210 

2 9 

20 

eo 

138 

106 

24 

16 

284 

14 1 

80 

V 

1604 

1541 

654 

551 

4350 

27 7 


* A MX-Iinked lethal present killing one half pf the regular males 
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Nineteen equational exceptions from the X-ray treatment 
were tested m the same way The data on secondary non-dis¬ 
junction are given in Table V Seventeen of these gave per¬ 
centages ranging from 0 5 to 6 per cent The variability is 
somewhat greater than that shown m Table I, but the per¬ 
centages are all reasonably near the normal or usual ones. The 
percentages of crossing-over were also as near normal as could 
be expected for the low numbers mvolved 

The two remammg lines gave much higher percentages of 
secondary exceptions One of these, No 20, gave forty ex¬ 
ceptions out of a total of 284, or 14 1 per cent The deviation 
from 4 per cent is about ten times the probable error, and is 
certainly significant Only fifty-one males were classified for 
crossing-over These were distnbuted as follows. 


Non cros^vers 

Frequency 

43 

Approximate expectation 
29 

Crossovers co-d 

5 

4 

Ct-D 

3 

7 

v-g 

0 

6 

o-f 

0 

6 

Total 

61 

61 


The chances are only about 1 in 2000 that the deviations are 
due to errors of sampling (P » 0005) The X-constitution of 


exception No. 20 was 


«c 


ct V f 


which may be represented 


ec ev 

sohematicaliy as Owing to the pressure of other 


work, no effort was made to save this line beyond a few 
generations The other line. No 80, gave still more diver¬ 
gent results and has been oontmued. Hie X-oonstitution 

exception No. 80 was —-i which may be represented 

€C ^ Q 

schematically as ^ ^ \ exceptumal <^apnng in this 

line amount to about 27 per cent Crosring-over is aMiarently 
normal from acute to crossveinlese, but is much reduced between 
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ctossveinless and forked 'Hub high non-dugunctum hue is beiiig 
studied and wiU be reported separately 

BtniuAaT 

Forty six non-equational exoeptioiis from X-ray treatment 
were tested. All gave the usual low percentages d exceptions 
and normal crossingr-over. Of nineteen equational exceptions 
tested, seventeen gave normal percentages of exceptions and 
normal crossing-over, while two gave high percentages ex¬ 
ceptions and reduced crossing-over b the nght-hand (f> g J) 
portion of the X-ohromosome. 

Viovnaamr or Micbxqam 
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A COLLECTION OF AMPHIBIANS AND REP¬ 
TILES FROM SOUTHERN INDIANA 
AND ADJACENT KENTUCKY* 

FEANK N BLANCHARD 

JN June, 1924, the writer went to Bouthem Indiana to collect 
amphibians and reptiles The greater part of the collecting 
was done m Brown, Lawrence and Vandertiurg counties, Indiana, 
and in Henderson County, Kentucky 

Local lists that give specific information have so often proved 
of decided value to the writer that he has no besitaiUT^ m offering 
the present account of the results of this tnp All the specimens 
collected have been deposited in the Museum of Zodogy of tiie 
University of Michigan, and their numbers ore given m parenthe¬ 
ses in the text 

Ambystoma MicBOSTOMiru Cope —An adult (60973) and a 
small one with the stub of the gills still showmg (60974) were 
taken under logs in a wet woods near %mth Mills, Henderson 
County, Kentucky, June 15. The next day three adults and 
eight recently tra^ormed young ones (60975) were taken in the 
some woods. Four of the latter were brouf^t to Ann Arbor and 
kept alive for many weeks, feeding readily on earthworms They 
showed a strong propensity for l^pmg concealed. On June 10, 
larvae were found m abundance'm pools at the side of a road 
through woods in Umon Township, Vanderlyurg County, Indiana, 
and in small pools in tiie same woods. Hus woods is on Ihe 
flood-plaui of the Ohio Biver and is under water m the spring 
Newly transformed individuals were common here under logs and 
dhun^ of wood. A senes of forty-eii^t individu^ with gills 
was wdned from the pools and fifteen wme found wt of water 
under wood with Iheir gills in various stageai^ reduction (60976). 

* Oontnbutfam flam the ZoMcgieal Labontoiy of the Umveieity of Miahigen 

m 
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No adults were found here Three transforming individuals 
(60077) were taken two days later in Perry Township, in the 
same county, in a wet woods at the edge of the Ohio River flood- 
plam 

Ambystoma opactjm (Gravenhorst) —One adult (60971) 
with short regenerated tail was taken from under a small log m 
deep woods, Perry Township, Vanderburg County, Indiana, June 
12, and another adult (60972), with no tad whatever, but the 
stump healed, was found under a piece of old burlap m wet 
woods, Henderson County, Kentucky, June 15 

Plgthodox ciNEBEUB DORSALIS Cope —Eight Specimens 
(60989) were taken under leaves and logs in a small, damp, 
wooded ravine near the flood-plam of the Ohio River in Hender¬ 
son County, Kentucky, June 15 In three of these the lobulatod 
dorsal band is distinct, although mconspicuous, m four of thean 
it is Imrely discernible or indistinguishable, the dorsal band m 
one IS mconspicuous, and not lobulated, and is contmuoua to the 
tip of the tail On the tip of tbe snout of eadh specimen is a 
light spot, which in some cases extends ventrally, forming a ver¬ 
tical bar This spot is contmued for a varying distance poeto- 
norly along the canthus rostrahs on each side There are from 
15 to 16 complete costal grooves, exclusive of the one directly 
over the front leg and the incomplete one m front of the hind leg. 
Following are the measurements in milluneters and the numben 
of grooves The body length is measured from tiie tip of the 
snout to the posterior insertion of the hmd leg and the tail is 
measured from that pomt to its tip. 


Body length 

Tail length 

Costal grooves 

29 

25 

16 

24 

22 

16 

25< 

23 

16 

25 

26 

15 

24.S 

24 8 

16 

26 


15 

25 8 

25 

16 

23 5 


16 
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From 2 miles west of Nashville, Brown Ckiunty, Indiana, June 
5, a specimen (60990) with broad lobulated band on the body, 
continuing with parallel outlines on the tad, was tokrai with a 
number of other specimens mostly patterned hke P. anereut 
This individual has a broad vertical rostral bar extending down 
to the hp and backwards, faintly, along the canthi There are 
16 complete costal grooves The body is 33 mm long and the 
tad 34 mm. Another specimen from the same collection (60991) 
has 15 complete costal grooves, a faintly marked rostral bar, 
and a rather faint lobulated dorsal band on the anterior half of 
the body This band is contmued with parallel sides on the 
posterior part of the body and indistmctly on Uie tad Thus 
this specimen combines the patterns of P. dorsaJuB and P. anereua 
Its body IS 37 mm long, its tad is incomplete. 

Plkthodon cinbrbus ciNEBEUs (Green) —With the two 
specimens of P doraalts (€0990-91) collected 2 miles west of 
Nashvdle, Indiana, were taken five specimens (60992) patterned 
like P. cmereua. Four of these show broad, parallel-sided dorsal 
bands, with more or less dusky mottling, and one is without a 
dorsal band. The latter has 16 complete costal grooves and the 
other four have each 17 The rostral bar is missing m every 
case. The body lengths are 39, 32, 38, 37 and 22 5 mdhmeters, 
and the tad lengths of the first three are 41, 35 and 41, respec¬ 
tively The last two have incomplete tails. 

IVo specimens (60993-94) with the pattern (d P. anemu 
were taken 7 miles west of Columbus, Indiana, June 21 The 
first of these has 17 complete -eostal grooves, the second, 16 
Thcar body lengths are 25 and % mm and their tail lengths 
25.3 and 24.3 mm, respectively. 

A series of five specimens (60995) was collected 8 miles east 
of Nashville,. Indiana, Jime 4. None of these show the rostral 
bar of P. doraaha, Ono has a body lengdi of 41 mm. and a tad 
length of 52 mm, and 16 complete costal grooves The dorsal 
stripe is interrupted with dusky motthng on the forward part of 
the body and c^ppears on the anterior part of the tad. The 
other eperimens are juveniles <d apparent^ the second season. 
Three id these have Inilliant stripes on bo^ and tail, and one 



370 


Frank N. Blanchard 


has no stnpe One of the first three of tiiese has 16 complete 
costal grooves, the rest of the collection all have 17 

From a study of Dunn's excellent delmeations of P. dorsalis 
and P. anerevs (1918, p 460), it appeiun that the specimens 
collected in Henderson County, Kentucky, are typical of P 
dorsalis, while those collected m Brown County, are 

partly P dorsalts, partly P cinereus, and partly intermediate 
between these forms It seems that there can be httle question 
that we have here two geographic races or subspecies Cope 
(1880, p 139) might not have been in doubt on this pomt if his 
material had been more accurately labeled and had definitely 
included specimens from such an intennediate region as south¬ 
central Indiana 

Plethodon glutixobus (Green) —This species was found 
to be common in several locahties. Eight (60963) of varying 
sixes were collected under loose baric of fallen logs m deep woods, 
and m soft earth under logs, m Perry Townsbp, Vanderbuig 
County, Indiana, June 12, seven (60^) were taken m woods 
near Smith Mills, Henderson County, Kentucky, June 16, one 
(60965) was taken 2 miles west of Nashville, Indiana, June 5, 
one (60966) was collected 7 miles west of Columbus, TtiHw-nA, 
June 21, two (60967-68) were found in the woods by Donald¬ 
son’s Cave, Mitchell, Indiana, June 6, and two (60969-70) were 
taken 8 miles east ^ Nashville, June 4. 

Evrycea BiSLiXEATA B18LINEATA (Green) —One adult 
(60934) was taken m the stream below Donaldson’s Cave, 
Mitchell, Indiana, June 19,1924, and two m a small stream about 
7 miles west of Columbus, Brown County, Indiana, June 21. 

Eubycba LtrcimoA Kafinesque —Two adults (60926-27) 
were taken m Twin Caves, near Mitchell, Indiana, June 18, 
and four more the next day (00928-31) Also on June 19 two 
adults (60932-33) were found in Donaldson’s Cave, near by 
These salamanders were found in every case within the region 
of dun light, not in the absolute darkness far from the entrance. 
They were among the stones near the flowing water, or on the 
earth next to the side waU of rook, or on a le^, m* b a crevice 
of the side wall. They show^ no duipontion to avoid the fladk- 
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light One individual was brought alive to Ann Arbor where it 
was kept in a covered glass dmh for fourteen months In the 
dish were put numerous stones, and enough water to make the 
place wet This individual fed readily on fruit flies, but was 
kept alive for the most part on a diet of earthworms Some¬ 
times it struck first at an earthworm with its tongue, but usually, 
as does an Ambystoma, it seized it immediately with its jaws 
Bdfo FowLBBi Carman —One specimen (60B37) was taken 
at the entrance to Twin Caves, Mitchell, Indiana, on June 18, 
and on the next day one was taken near Donaldson’s Cave 
(60945). No species of Bufo is mentioned in Hahn’s report on 
this region Four smgmg males (60938-41) were collected m 
and near a shallow pool within the city limits of Evansville, on 
the evening of June 11 Two (60942-43) were taken in a woods 
clearing in Perry Township, Vanderburg County, Indiana, 
June 12 Ten singing males and two females (60944) were 
collected in a shallow nver about 10 miles west of Columbus, 
Indians, just after dark on June 20 

Acris QRYLiiUB (Lc Conte) — Two were found on the moist 
woods path leading down to Donaldson’s Cave, Mitchell, Indiana, 
June 6, and one was found in the oleaniig by the cabin (60961) 
PsEUDACBiB TRiSFRiATA (Wiod) — Three adults (609ffi) were 
taken in a heavy swamp woods near Smith Mills, Henderson 
County, Kentucky, on June 15, and five more adults (60958), 
and BIX recently transformed juveniles (60960) were taken m the 
same woods the next day. In two mdividualA the heel ex¬ 
tending forward reaches the anterior portion oi the tympanum, 
and m all the others the heel extends to the middle or anterior 
edge of the eye In four individuals the three longitudinal 
markings on the back are fairiy well define^; m the others only 
small spots are discenuble on the back 

HyilK vsbstcolor vxrbicqiiOR (Le Ctmte) —An adult 
(60962) was found on an oak tree, six feet from the ground, 
near iWi Caves, Mitchell, Indiana, June 20 

Rana catbbbeiana Shaw.— An adult female (61061) was 
taken m a sloggiBh stream near Smith Mills, Henderson County, 
Kentuclqr, June 16 
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Rana CLAMiTANS Latreillo —A moderato-nzed individual 
(60952) was taken near the stream from Donaldson’s Cave, 
Mitchell, Indiana, Jane 6 Several more were seen A laiige 
one (60051) was taken m wet woods m Mam Township, Posey 
County, Indiana, June 13 

Raka palustris Le Conte —An adult (60953) was found 
in the woods near Donaldson’s Cave, Mitchell, Indiana, June 6, 
and on June 18 another (60954) was found at the entrance to 
Hamer Cave, near by This species was not found by Hahn 

Rana bphbnocgphala Cope — All the leopard frogs ocdleoted 
are referred to this species rather than to R piptetw because 
they look more like the southern tiion the northern leopard 
frop They are very different m appearance from the leopard 
frop of Michipn. The spots on the back are very small and 
are wiUiout hght outlines. The head averages a httie lonpr 
than m leopard frop from Michigan, its length being contained 
m the total length two and one-half to three tunes The probar 
bility is that B aphenocephdla mtergrades with R ptpiena some¬ 
where north of southem Indiana 

This species was abundant in the wet woods near Smith 
MUls, Henderson County, Kentucky Hero a series of fifteen 
adults (60955) was collected June 16 Tlieae are aU variously 
spotted on the upper surface of the body except one mdividufd 
which is devmd of spots here, althoiqd^ its lep are patterned in 
the usual way A senes of mno adults (60956) was taken on Uie 
flood-plam of the Ohio River, in Umon Township, Vanderbui^ 
County, Indiana, June 10. Most of tiiis flat land near Evans¬ 
ville IS cleared and farmed, but a few small patches (ff woods 
remain, perhaps too wet to cultivate. Hiew woods dielter 
many leopard frop They were readily caught from under logs 
and rotten wood in the woods At the sute of the road they 
were common in the grass, but were too lively to be easily 
caught Four specimens (60957) were taken at Mumford Hilk, 
Bethel Township, Posey Coun^, Indiuia, June 14 

Rama sylvatioa Le Conte. — An adult (609M) was taken in 
the woods along Pigeon Creek, Ohio Township, Wamck County, 
Indiana, June 11, and two immature individuals (60947*-^) 
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were found the next day m heavy woods in Perry Township, 
Vanderbuig County, Indiana. One (60950) was taken in heavy 
swamp woods near Smith Mills, Henderson County, Kentucky, 
June 16 

SoELOPORUs xnmmJLTVB (Latreille}. — A moderate-sued ^mci- 
men (60999) was collected on an oak tree near Twm Caves, 
Mitchell, Indiana, June 20 

Euiceces FASciaTOB (Lmnd). — A juvenile (60996) was taken 
about 5 miles east of Bloomington, Indiana, June 5, and two 
wma-ll ones (60997-98) were collected from under the bark of a 
log over a small streun m heavy woods m Perry Township, 
Vanderburg County, Indiana, June 12 

Cabphophis amobna hklbkas (Kenmcott) —Two worm 
snakes (61022-23) were taken from under the loose bark of 
fallen logs m deep woods in Perry Township, Vanderburg 
County, Indiana, June 12, and on the next day a juvenile 
(61021) was found in the same woods in the wheel rut of a 
shaded road One (61017) was found on June 5 m a pile of 
small pieces of boards m a little deanng m woods a few miles 
east of Bloomington, Indiana On June 6, three (61018-20) were 
taken under the loose bark of a large fallen log m the woods just 
above Donaldson's Cave, Mitchell, Induma On the 19th, search 
in the same woods brou^t to lijdit nme more speounens (61024- 
32) These were all found under the loose bark of fallmi 1<^. 
Three were taken together m one instance, and two m another. 

The last nine specunena mentioned were all carried ahve to 
Ann Atibor Two males were then preserved, and the otb«r two 
males with the five females were oared for during the summer 
by Dr. Fneda Cobb Blanchard, to whom u due the credit for 

fotlowing observations on habits and egg-laymg. 

Layma akd HaTCRmo of Eqob of CARPHOpms 

There was oonsiderable difierance in tiie dispositkms of tiiese 
seven aninuds. 'Hie males were more easily fn^tened and 
much harder to feed than the females. Female No. 61027 was 
mndh tamer than the other females, and became at once a pet. 
Whenever any one of the females could be shown an earthworm 
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without being disturbed first, it would eat it at once During 
the day, at least, they were always hidden under a piece of wood 
or in the loose earth This had to be carefully lifted away in 
order to feed them But Mo 61027 frequently rested with her 
head exposed, all ready for food, and when the dish was opened 
she came further out of cover, watching for something to eat 
On occasions when she was completely covered she could be 
brought out to look fur her food by touching her anywhere on 
her body while one was poking about through the earth m search 
of her This operation would so frighten any one of the others 
that it would not eat 

They all ate earthwonns voraciously — usually two worms at 
a meal if of the largest sise that they could manage, and more if 
smaller At tunes they wore fed earthworms ^most daily. The 
tamest sfiecimen mfused a tiny toad, of such a size that she 
could have eaten it Ants and ant pupae, from a nest m a 
decayed log, were put into all of the cages, but there was no 
indication that any were eaten 

They were frequently seen to dnnk Several took long dnnks 
while held in the hand, when they had not had access to water 
for several days 

When these snakes are allowed to twine about tiie fingers the 
very sharp point on the end of the tail is pressed mto Ihe hand 
with considerable force, and the head is poked vigorously mto 
crevices lictween fingers, and even mto the soft palm of the 
hand, m evident attempt at concealment 

Four of the five females laid their eggs early in July. The 
fifth, although almost as large as the smallest of (hem four, 
laid no eggs this season, and dissectaon m (he autumn showed 
only very small egp m the ovaries 

The snakes were kept in closed {^ass dishes, contauimg, to 
the depth of one or two inches, a layer of decayed and dismte> 
grated wood, and some small pieces of a well rotted log The 
moisture content of ^is material was the same as m (he natural 
environment of these snakes It was kept constant by the ^aaa 
cover, and no water was added This condition was maintained 
tbroo^out the penod of egg-laying and moubation. 
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The first clutch of eggs, two in number (from female No 
61027), was found at 10 00 o’clock in the mommg of July 7 
These eggs were pretty certamly not present at 4 00 p m on 
July 6, and quite certainly were not there three days previous 
to discovery They wore found barely covered in the loose soil, 
but had already been disturtied before th^ were noticed They 
wore measured immediately 

On July 11, eggs were found in the dishes of three ol the 
other four females These were laid at some time between late m 
the day of July 7 and noon of July 11. Two of the clutches 
consisted of two eggs each and one of five The egga oi the first 
two clutches were immediately measured (61028, 61031) The 
clutch of five (61030) was left undisturbed until after a photo¬ 
graph had been taken (PI XXII, Fig 3), and was then meas¬ 
ured. Two of the parents (61031 and 61027) were allowed to 
remain with their eggs, and the other two were removed to 
other dishes in order to leave the eggs undisturbed m the position 
m which they were found, * 

The two eggs of female No 61028 wm» m a relatively large 
cavity, about 7 by 4 centimeters, m rotted and dismtegrated 
wood — almost earth — with a piece of old wood forming the 
top The eggs were resting m a horizontal position praetically 
on the glass bottom of the dish They were cream-oedored witii 
a decided lemon-yellow at the ends, the latter color extending 
over as much as would be seen freon an end view One end ms 
a httle smaller and more pointed tiiao the other (Fig. 2) An 
orange-colored area, the embryo^ showed deeidedly through the 
shell m the middle of the lower side. 

The five eggs of female No. 61030 were in a horizontal 
porition closely surrounded by earth Thpy were unmediately 
benegth a piece of rotten wood and bdow they rested practically 
against the g^ass bottom of the dish these eggs were all much 
shorter than those in the other dutches. Their color was like 
those desonbed above. 

The eggs of female No. 61031 were in a horismital position 
completely surrounded by the decayed and pulvnized wood. 
The only large {nece of wood in tins dish was wedged tightly 
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against the bottom of the dish, so that it could not have been 
used as a cover These eggs were practically white with lemon- 
yellow ends, darkest at the very tip In the middle, and appear- 
mg on top as they were uiicovered,,the embryo showed throufi^ 
the shell as an orange-colored disc 

To sum up, the eggs were as deep m the decayed wood earth 
as could be, and, in the two cases where it was possible, they 
were immediately beneath a piece of old wood Th^ were m all 
cases horizontal, with their long axes practically parallel 

A week after the e(^ were laid they were sufficientiy trans¬ 
lucent BO that, on being held up to the lig^t, the embryo and 
blood-vessels could be seen and the head end of the embryo 
identified 

After deposition of the eggs the bodies of the females were 
very much shrunken and traniducent m the region posterior to 
the gall-bladder, where the eggs had lain m the oviducts 

At no time was any one of the parents observed to pay the 
lightest attention to her eggs Parental care is not illustrated 
by Figure 5 (PI XXIIl), but only relative size of eggs and adult 
The dunenmons of the eggs are given m Table II, and their 
shapes and relative positions when found are diown m Figures 1 
to 4 The first five i^otographs were taken by Frances J Dunbar, 
and the last two by the writer. 

The hatching of these eggs was a prolonged and mteresting 
process. At 9*16 A.it, September 9, a young snake was found 
protruded about two-thirds of its length (Fig 7) from one of 
the eggs of female No. 61027 The snake remained m this 
position until 10 16 am., September 11, when it slowly pulled. 
Its tail free from the egg, at the same time expiring the soil 
with its head. This one shed ito skin about September 21. 
The other egg of this set was the only egg, in all four sets, that 
did not hatch. 

At 12 16 PM, September 16, one egg of female No 61028 
had started to hatch There were four enudes in it This egg 
was observed several tunes during the mettning and there was 
no break m it then. At 9.30 a.m. the next day, the ««nalw» from 
the other egg of the clutch was all the way out of its "hnll but 
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attached to the egg by the yoUc stalk (as in Fig. 7). The egg 
which had first cracked, hatched scune time between noon and 
3 00 PM of that day (September 17), emergence thus being 
completed in a little more than 24 hours The second snake 
remained attached to the yolk stalk until after 5 00 p M, Sep¬ 
tember 17 The next morning at 9 00 a u it was off, and buri^ 
m the loose earthy matenai m the cage 

Two eggs of the set of five (61030) were found hatching at 
10 00 A M., September 14 The tip of a snout was protruding 
from each One young snake remained projecting thus quietly 
from the same opemng for the oonsidetable penod requited for 
photographing the eggs, while the other was rather active witiim 
the egg. The head of the latter individual was protruded at 
various times from at least four different places, mcluding both 
ends of the egg At one tune during the photographing this 
snake projected its body about cme-fifth of the way out, then 
withdrew partially, and finally completely Later its snout was 
thrust out m another place (1^. 6). The shell is veiy thm and 
it is quite apparent that movements withm ihe egg are sufficient 
to crack it 

A third egg of this set started to hatch about 4 15 pm, 
September 14. At 10T6 am the next day it hod not yet 
hatched, but both of the first two young snakes were out, and a 
fourth egg had a young snake projecting half an mdi from it 
The third snake came out of the shell about 4.30 pm, Septem¬ 
ber 15, thus taking about 24 houn for its oomplote emergmee 
The fourth was out before 6 45 'au, Septeml^ 16, and the 
fifth now had its head out of the dieU. The latter was out at 
9'30 AM. tile next day 

At 9' 45 in the morning of September 131 one egg of female 
No. 61031 bad a lengthwise sht near one end and a snout dij^tiy 
protruding. When this egg was posed for its photograph, the 
snout withdrew. An hour later it had appeared in a new ^t near 
the middle of the egg This egg was left under a bell-jar for about 
nx hours, at the end of which time the snout was found to be 
dried fast into the opmiing of the shell. Tfan egg was wetted and 
put back into ita jHoper diah. The next mmuing at tea o’doek 
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it ivas in good condition, and the snout was out in the same place. 
At a touch it withdrew for a long tune Hie other egg now had 
two slits, from one of which a snout projected. The next 
morning (September 15) at 10 15, both young snakes were out. 

It is obviously not easy to know just when the first sht 
appears m an egg and just when the young snake finally emerges, 
but the foregoing observations indicate that this interval is from 
about one-half a day to two days, witii an average of, perhaps, 
one day Apparently the movements of the jroung snake, as it 
matures, cause cracks m the shell These cracks are oftenest 
due to thrusts of the snout against the shell, but may also be 
due to movements of the body Comjdete emergence d^iends 
upon the mcreasmg strength of the young snake and its release 
from the embryonic membranes 

As soon as the young Carphophis is completely released from 
its embryonic home it burrows qmckly out of sii^t These 
young worm snakes were kept ahve for several weeks, but never 
once were they m sight when there was anything under or in 
which to hide 

The little snakes of female No 61030 were a very diiny, warm, 
blackish-brown above and a less dimy Cormthum pink below.* 
The others were sunilar in coloration After a few days their 
idems became more milky and about one week after hatchmg, a 
little before September all bad shed their skins 

In a week or two after their birth, very small earthworms 
were offered to the httle snakes The latter were buried in soft 
wood earth, and unoovenng them fn^^tened them so mud) that 
they would not eat. Ihey were, therefore, transferred to didies 
with only a few pieces of moist bark for cover. When the young 
snakes could be exposed without disturbance they would tdee 
the small worms readily, and thus they were fed for many weeks. 

Immediately after hatching, the young Carphophis were 
measured and theur scales were oounted These figures are all 
tabulated m the appended list of Carphophis specimens, and the 
measurements alone are given m Table II. These measure* 
ments, when compared with the dimensions cd the eggs, Atom, 

* Ridgway, Robert 1912 X^otor Slmidardt and CoUr NonmdMnrt 
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as ivould be anticipated, that the largest snakes are hatched from 
the largest eggs 

The foregoing observations are recorded here in considerable 
detail because they seem in large part to be the first of their 
kind for any species of snake Many more records of this sort 
are needed as a basis for any trustworthy conclusions Some 
tentative results of the present study of laying and hatching of 
eggs of Carphophts amoena helenae may be suminansed as 
follows 

1 This species lays from two to five eggs, so far as known at 
present Two females that were preserved as soon as collected 
had three and five eggs m their oviducts, ready to be laid 

2 The eggs, upon deposition, are not stuck to one another, 
as in many species of snakes, but are entirely separate, and he 
nearly parallel to one another 

3 Tlie mother pays no attention whatever to her eggs 

4 The eggs, from one clutch to another, ore neariy con¬ 
stant in width, but vary greatly m length 

5 The shortest eggs are m the largest clutches. 

6. The eggs increase m size after deposition The greatest 
relative increase is in the width 

7. The largest young hatch from the largest eggs 

8 Both deposition and hatching occur wit^ relatively 
narrow time limits 

9. The period of mcubation outside the body of the mother is 
about two months 

Some rranarks on the soutellation of these twenty-six adult 
and young worm snakes from southern Indiana may now be m 
order. Only a single one of this senes of* specimens has the 
prefrontal pistes separate from the internasals It has been 
recently pointed out by the wnter (1925, p 528) that the known 
specimens of Carphopfite amoena helenae exhibit a ccmstancy of 
89 per cent in the fusion of internasals and profrontals — the sub- 
specific diaraoter which distinguisbes this subspeiaes frt«n C 
amoena amoena. The present senes at specimens mcreasee this 
constancy to about 91 per cent, thus sh^tly strengthening the 
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TABLE I 

Deposition and Hatching of Eggs of 
Cabfhophis amoena helenab 


Muaeum 
aumlier of 
parent 

Date of 
depotttion 

Number 
of eggs 
deposited 

Date of 
hatching 

Number 

hatched 

61027 

July 4-7 

2 

Sept 0-11 

1 

61028 

July 7-n 

2 

Sept 16-17 

2 

61080 

July7-n 

6 

Sept 14-17 

6 

61031 

July 7-n 

2 

Sept 13-16 

2 


TABLE II 

Mbasureuents of Eggs and Yoong of 
Garphophib amoena hbusnab 


Muaeum 
number of 
parent 

Dimennona of eggs m milUmeiera 

Lengthaof 
newly hatched 
yoiingm 
n^metera 

Length 

Width 

Atiajnng 

Sept 12 

At laying 

Sept 12 

61027 

20 5-21 

22 

7 6-3 

10 

87 

61028 

23-24 

26-28 

8 

12 

98-100 

61030 

17-19 

18 8-20 9 

7 6-8 

10 4-11 6 

SlMKr 

61031 

27-27 6 

29-31 3 

8 6-9 

11-12 9 

106 
































Collection of Amphibicma and 


381 


TABLE 111 

SpBCIMEKS of CaBPHOPHIS AMOENA HBUDNAB Ck>UUDCTIiD IK 
SoOTHBBN IkdIAKA 


1 

1 

LOCAUTY 

Cdlected June jj 

1 

1 

Caudals || 


Total length 

Tail length 

61017 

6 nu 

E of Bloomington 

5 

female 

121 

29 

2.2 

256 

41 

61018 

Near Donaldsoa’s Gave 

6 

male 

116 

84 

2.2 

238 

45 

61019 

u 


44 

44 

44 

44 

117 

83 

2.2 

20l 

48 


n 


44 

44 

41 

44 

lao 

34 

2.2 

239 

47 


Perry Twp, Vanderburg County 

13 

44 

126 

32 

2,2 

121 

10 

61022 

ti 

41 


44 44 

12 

14 

123 

36 

2,2 

250 

47 

61023 

a 

44 


44 44 

44 

female 

133 

28 

2,2 

273 

40 

61024 

Near Donaldeon’s Cave 

19 

male 

118 

33 

2.2 



61026 

<1 


44 

44 

14 

It 

119 

86 

2,2 

216 

isi 

61026 

u 


44 

44 

44 

44 

116 

35 

2,2 

243 

48 


(« 


44 

41 

44 

female 

129 

26 

1,2 

276 

39 


n 


44 

44 

44 

41 

128 

26 

2,2 

249 

33 


« 


14 


44 

44 

124 

24 

2,2 

247 

m 


u 


14 


44 

44 

125 

27 

2,2 

283 

49 

iin 

<f 


44 

44 

44 

44 

130 

25 

1,2 

267 

37 

KTw! 

11 


44 

44 

44 

male 

115 

36 

2,2 

Fin 

45 

mill iiki 

From egg laid by 61027 


44 

121 

33 

2,2 

87 

15 


(1 

44 

44 

61028 < 


44 

118 

36 

2,2 

93 

16 


ri 

44 

44 

44 44 


44 

121 

83 

2.2 

100 

16 

K 

44 

44 

44 

“ 61080 


female 

127 

30 

2,1 

89 

13 


fi 

44 

44 

44 44 


male 

121 1 

86 

1,2 

97 

15 


44 

<1 

44 

44 44 


female 

131 

28 

2,2 

94 

13 


14 

44 

44 

44 41 


male 

122 

35 

2,2 

98 

16 

*.. 

44 

44 

44 

44 44 


44 

121 

33 

2.2 

■FI 

16 

61040 

44 

44 

(4 

» 01081 


female 

129 

27 



14 

61041 

44 

44 

44 

44 44 


ni%lA 

124 

36 



■ 
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case for subspecific distinction The dorsal scale rows of aH 
specimens number 13 throughout the length tA the body The 
upper labials are 5 m every case, except the left side of the head 
of No 61024, where they are 6 The lower labials are 6 m every 
instance The long loreal plate is m contact with the eye m every 
case, except iq specimen No 61021 Here a preocular is cut off 
from the loreal on each side lliere is a single postocular m 
every specimen The light ventral color extends in most cases 
to the lower half of the second scale row, but m some instances 
only to the upper part of the first row and m others to tiie upper 
part of the second row 

There is little evidence of conspicuous resemblance between 
offspring and parent However, the mother numbered 61028 
and both of her young have the ventral light color reachmg only 
to the top of the first scale row This mother is the one in¬ 
dividual with separate prefrontals and mtemasals In both 
offspnng these plates are fused, but m one of the two (61036) 
a depressed hne extends a short distance to the left of the com¬ 
mon prefronto-intemasal suture, at the exact pomt where an 
mtemaaal plate would be out off Other features of scutella- 
tion and measurement can be noted m tiie accompanying list oi 
specimens 

Dudopbis functatub ZDWABDfin (Merrem). — A small 
specimen (61000) was found coiled on damp earth and rotted 
wood under the overhanging edge of a large rotting log, in heavy 
woods, Peny Township, Vanderburg County, Indiana, June 12, 
and a small adult (61002) was taken from under the loose bark 
of a fallen log above Donaldson’s Cave, Mitchell, Indiana, 
June 19 Both specimens are males, and have 15 roira of scales 
throuflkout the body length, 8 lower labials, 2 preooulars, 2 
postoculan, and 1 anterior and 1 postencB temporal scute 
Other characters of the two specimens are, respectively, as 
follows ventrals, 152 and 149; caudals, 60 and 48, upper 
labials, 8 and 7, width of neck ring in scale lengths, 2 and 1|, 
total lengths, 136 and 214 mm.; tail lengths, 27 and 40 mm 
The firat is unspotted below, ^ second has an intem^ited 
series c& small blaok spots, m the median hne on the posterior 
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half of the body. Both specunens may be regarded as typical of 
the subspecies 

Coluber constrictor constwctob (Linn£) —A juvenile 
male (61003), measuring 436 mm m length with tail 111 mm 
long, was found lying m the road on the outskirts of Blooming¬ 
ton, Indiana, June 20 The juvenile pattern of dorsal spots is 
almost mdistmguishable, on the lower side, the half-circular 
black spots on the ends of the ventrals are conspicuous on the 
forward portion of the body, but dimmish to disappearance 
near the posterior end The scale rows are 17-15, the ventrals, 
176, the caudals, 98, the labials, 7 above and 8 below 

Elaphe obboleta OBSOI.BTA (Say) —A juvenile female 
(61005) was found near the edge of a wooded road at dusk, 
June 18, near Donaldson’s Cave, Mitchell, Indiana Its total 
length IS 576 mm , and its tail is 102 mm long There are 31 
well-defined quadrate blotches on the body The scale rows are 
25-17, the ventrals, 228, the caudals, 80, the labials, 8 alxive 
and 12 below, the oculars, 1 and 3 This specimen is referred to 
the subspecies, obsoleta, on the basis geographical probalul- 
ities, and of Hahn’s statement (1908, p 565) that the adults m 
this region are typical of this subspecies 

Elaphb obboleta confinis (Bfurd & Girard) —An adult 
male (61006) was taken near Smith Mills, Henderson County, 
Kentucky, on a partly wooded road m hilly country, June 15 
Its total length is 1312 mm and its tad lengib is 262 mm 
The scale rows are 27-25-17, the ventrals, 232, the caudals, 
86, the labials, 8 above and 11 below, the oculars, 1 and 2 
There are 32 well-defined quadrate blotches on the body. 

Lamprofeltis qetulus niqra (Yarrow) — A juvenile male 
(61007) was found on the ground under a piece of bark in a 
woods dealing m Perry Township, Vanderbuig County, Indiana, 
June 12. It is 489 mm. in total length, and its tod is 69 mm 
long. The scale rows are 21-19-21-19, tlie ventrals, 207, the 
caudate, 51; the labiate, 7 above and 8 below, the oculars, 1 and 
2, and the temporals 2 + 3. There are about 63 narrow cross- 
bands tm body and tad. There are no yellow spots betweoi the 
cross-bands 
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An adult male (61008) was found crossing the road between 
a field and a woods early m the morning of June 18, near the 
East Fork of the White lliver, between Loogootee and Shoals, 
m Martin County, Indiana The place w locally known as 
Hmdoostan Falls This specimen was true to the reputation of 
its species in being a mild-mannered snake to handle Its total 
length IS 880 mm., and its tail length is 118 mm Its scale rows 
are 10-21-19, the ventrals, 209, the caudals, 46; the labials, 7 
above and 9 below, the oculars, 1 and 2, the left temporals, 
2-1-3, the nght temporals, 2 + 2 There are about 66 very 
narrow, mconspicuous cross-bars on body and tail. Between 
some of the cross-bars on the back are a very few minute yellow 
spots. 

Natrix sipedon ebytmhogastbb (Forster) —An adult 
female (61009) was taken on the Ohio River flood-plam m a 
shady slough at the side of a road throu^ wet woods, m Union 
Township, Vanderburg County, Indiana, June 10 On being 
ethenzed, it disgorged seven large frog tadpedes and one larval 
salamander, AmbysUma imcrosUmum Its body is 810 mm m 
length The tail is mcomplete, as is frequently the case with 
the large species of Natnx The ventrals are 150 in number, 
the labials are 8 above and 10 below, the oculars are 1 and 3, 
the temporals are 1 + 3 The specimen is veiy dark above with 
no indication of a pattern. Below it was reddish m life, except 
for the ends of the ventrals and the caudals, which were clouded 
with a dusky color 

An adult female (61010) was taken by a ditch m duress 
woods on the Ohio River flood-plain near &mth Mills, Hender¬ 
son County, Kentucky, June 15. Its total length is 1142 mm., 
its tail length, 240 mm The scale rows are 23-25-16 (the 
median row is lost about 11 scales from the posterior end of the 
body), ventrals, 153; caudals, 71, labials, 8 above and 10 
below; left oculars, 1 and 4, n«^t oculars, 1 and 3; temporalB, 
1+8. The coloration is the same as that of the laist one men^ 
timied. 

An adult male (61011) was cotlected by a pool m the same 
lypresB woods as the last) and on the same day. It is 063 mm. 
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in total length, and the tail is 231 mm long, the tip of the 
latter, however, is missing The scale rows are 21-23-17, the 
ventr^, 146; the oaudals, 81 (with one or two probably missing), 
the labials, 8 above and 10 below, the ooulars, 1 and 3, and 
the temporals, 1+3 

Natbix sipbdon sipedon (Lmn^) —A juvenile <rf typical 
pattern (61012) was taken 3 miles west of Nashville, Indiana, 
June 20. It is 258 mm. m total length, and its tail is 67 mm 
long The scale rows are 23-19; the ventrals, 140, the caudals, 
76, the labials, 8 above and 10 below, the octdars, 1 and 3, 
and the temporals, 1 + 3 

Stobebia occipito-maculata (Stoier) —One male (61013) 
was found crawling through leaves at the base of an oak tree 
near Twin Caves, Mitchell, Indiana, June 20 It is 213 mm m 
total length, and its tail is 53 mm long The dorsal scalee ore 
in 15 rows throughout the body length, the ventrals are 110, 
the oaudals, 56, the labials, 6 above and 7 bdow, the oculars, 
2 in front and 2 behind, and the temporals, 1 + 2 

Thaunophis sibtaus siBTAUS (Linn4). — An adult male 
(61014) was taken 2 miles west of Greensbuig, Indiana, June 4, 
an adult female (61015) was found three feet high m a budi at 
the edge of a road in the low land ol Umon Township, Vander* 
burg County, Indiana, June 10, and another adult female 
(61016) was tak^ at Smith Mills, Henderson County, Kentucky, 
June 16. In each specimen the scale rows am 19-17, the labials, 
7 above and 10 below, the oculars, 1 and 3, and the temporals, 
1 + 2. The ventrals are 150, 147 and 161, the caudals, 63, 55 
and 64, the total lengths, 577, 558 and 730 mm , and the toil 
lengths, 125, 110 and 158 mm, lespectavely. 

Chblydba SEBPENTINA (Linn4). — One rather Hmii.ll individual 
(60988) was tiUcen in the cypress woods near Smith Mills, 
Henderson County, Kentucky, June 15 

Tebrapenb cabouna cabouna (Linn4) —Box turties were 
found frequently in or near woods. Collectaons were as follows 
one half^prown individual (60978) in the road 2 miles west of 
Nashville, Indiana, June 5, one small one (60979) under the edge 
of a chunk of wood at the mari^ of a clearing in deep woods. 
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and a half-grown one (60980) from under a log by a wnall 
stream in the same woods, Pcriy Township, Vandorburg County, 
Indiana, June 12, an adult (60081) 7 miles southwest of Evans¬ 
ville, Indiana, June 13, a small one (60982) and a large one 
(60983) m a cyprt'ss woods in Henderson County, Kentucky, 
June 15, an adult (60984) m the road 5 miles north of Evans¬ 
ville, Indiana, June 17, one adult (60985) m the woods above 
Donaldson’s Cave, Mitchell, Indiana, June 19, and two adults 
(60086-87) alx)ut 7 miles west of Nashville, Indiana, June 21 

Amyda spiNiFKRA (Lc Suour) —An adult of this species 
(61060) was collected in a shallow nver 10 miles west of Colum¬ 
bus, Indiana, on June 21 

Univbhsity or Micuiuan 
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EXPLANATION OF PLATES 


PLATE XXII 

Fios Elg|> of Carphophu amoma kdmae^ m the pomtionB in which 
they were found* Accompanying eeale u in centimeters and mtllimeters* 
Fig 1 ahows eggs laid by female No. 61027, Fig 2, eggs laid by No 
61028, Fig 3, eggs laid 1^ No* 61030, Fig ^ eggs laid by No 61031 

PLATO XXIII 

Fia 6 Carpkophia atnoena Aelenoe, No 61031, and her two eggB The fig¬ 
ure shows the relative mse of eggs and piuent There is no evidence 
that the parent gives any attentioa to her eggs 

F^a 6i Hatching of two of the eggs depowMd hf CorpAopMe emowia Menae 
No. 6103Q* The head of each malm can ne seen projecting from tihe 
nght^hand end of each egg MilUmetor scale at left 

Fig. 7 Hatching of one of the two Sjggs of Carphophn amoena hdeme No 
61027 The young snake has e me rg ed as far as p^ble from the collapsed 
shell, but IB not yet free from tha yolk stalk. The egg to the right has 
not begun to hatdi. 










ODONATA COLLECTED IN CHEBOYGAN 
AND EMMET COUNTIES, MICHIGAN* 

C FRANCIS BYERB 

F a bnef period of time, extending fnan June 21 to August 12, 
1924, the author endeavored to make a survey of tiie Odonata 
of Cheboygan and Emmet counties, Michigan Particular 
attention was given to this group m the vieimty of the University 
of Michigan Biologioal Station on Douidas Lake, Cheboygan 
County Two papers have been previously published on the 
Odonata of the Douglas Lake region. The first (O’Bnen, 1910) 
contamed a list of 23 species, all of them recorded from adult 
specimens and verified by Mr. E. B Wilhamson The second 
(Evans, 1914) contamed a list of 43 species, of which 11 were 
recorded from adult matenal, 19 from, naiads, and 13 from the 
hterature only Since these papers are sinnewbat incomplete and 
fragmentary, it was believed that ^ poesiUhties c/t the Odonata 
fauna were by no means exhausted, hence the 1924 collection. 
Also, a (XHnprehensive account of tiie Odonata of Michigan is 
badly needed, and it is hoped that the presrat p^ier will serve 
as an introductory step toward this goal 

Descriptions ctf this territory have been published (Eeighard, 
1915; Scott, 1921, and others) and r^tition is, therafore, not 
necessary here. 

The author wishes to express his indebtedness to Dr Paul S 
Welch for general directions m the preparation of this report, 
to Mr. Frederude M. Qaige for the use of material from the 
Museum of Zobiogy, University of Midugan; and to Mr. £. B 
Williamson for the identification of a few ci the spedes and for 
verification of the autiior’s identification of a large part ol the 
remainder. 

* Contiibiitim fitom the Uuvoaity ef Muhigui BiohigiMl SlatioD, aad 
from the ZoQloveal Labomtoiy, Cfoivointy of MkWgMi. 
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Suborder: ZYGOFTERA 
Family: Agnomdae 

1 Agsion aeqttabiue (Say) — Locally abundant along Maple 

River Not taken elsewhere 

2 Agrion MAC'tTLATUM Beauvais —More abundant than A 

aequatnle Limited to banks of streams Not as plentiful as 
expected 

Family. Coenagrwnidae 

3 Lestbs congener Hagen —One male reared from naiad 

taken at Sedge Point Pools 

4 Lestes nisjUNCTua Selys — Three males taken near Chamao- 

daphne thickets at Bryant’s Bog and at Cecil Bay. 

5 Lestes forcipatus Kambur. — Taken over swamps toward 

last of July 

6. Lestes rectangitiiArib Say —Appeared toward beginning 

of August m sheltered shady ^wts along crocks. Not 
common 

7. Lestes uncatus Kirby — Common Found dunng June, 

July and August 

8. Argia vioLACEA (Hagen). — Collected late m season along 

Maple River and Bessey Creek F] 3 ring among high grasses 
near water margin 

9 Enallagma cALVKRTi Morse — Not uncommon Found over 

extensive area and in a variety of habitats 

10 Enallaoma carunculatum Morse —Found commonly 
around all bogs and pools 

11 ENAi 4 tAOMA EBRivM (Hagen). — Common, after middle of 
July. 

12. Enallagma EXstmANs (Hagen). — Four males taken m late 
July and eaily August 

13. Enallaoma haoeni (Walsh).—Most common species of 
Enallagma m region 

14. Nbhalennta IRENE Hagcn. — Favors reeds and grasses 
along edges of ponds and bogs. 
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15 Aatphiaubiom saucium (Burmeistcr) —One male taken at 
Maple River, July 3 

16 Chbomaorion condituw (Hag^n) —Abundant at Brown 
Lake, but nowhere else Collected on the sphaKnum mat 
Burrounding lake Congregated on portion of mat shaded 
by very dense stand of Abtea italsamia 

17 IscHNUBA posiTA (Hagen) — Three males taken at Bessey 
Creek, August 7 

18 IscHNUBA vEiiTiCALis (Say) —Common throughout the 
rest of summer after the first of July 

Suborder: ANISOPTERA 
Family: Aeshmdae 

19 CoBDUiiEOASTBB MAcuLATUs Selys —Emmet County, Big 
Stone Bay Run C'ollected July 6 and July 20 More 
abundant on latti'r date Ceaselessly flying up and down 
creek just above water’s surface 

20 Pbogomfhus obsctika (Rambur) —Common along sandy 
beaches of Douglas and Burt lakes Emerging m numbers 
in early July 

21 Hageniub BBGVisTYLUs Selys —Tenerals first appeared in 
Douglas Lake beach drift after storm on July 2 Common 
thereafter. 

22 OoMPHUs BBBVis Hagen — Collected m June along Doug^ 
Ijake and in aspen barrens 

23 Gomphus ExiLts Selys — Searoe. June 26, one male naiad 
picked up on shore of Douglas Lake, emerged m laboratory 
two days later. 

24. Gouphub spicATUs Hagen. — One female on July 2 Reese’s 
Bog 

25 Gohphub sobdidvb Hagen. — Most common Gomidius of 
region Abundant in surmy aspen barrens, along with 
Q iwntricom. 

26. Gomphxts ventbicosub WaUi —Not unemnmon. Ap¬ 
peared with foregoing species early in June, in aspen bar- 
r^. Rarely seen after July 15. 
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27. Dbomooomphub bpinosub Sel 3 r 8 —Naiads and adults com¬ 
mon. 

28. Boyebia vmoBA (Say) —One tenend female taken at 
Fontanalis Run, August 8 One male observed on August 
10, not captured. 

29 Basiagbciina janata (Say) — C!ollected along Maple River 
m July 

30 Anax xamus (Drury) —This weQ-known species rare m 
this region in 1024 Found only at Munro Lake on July 28. 
Previously reported as common (Evans, 1014, p SO). 

31 Aebhna canadensis Walker — Rather abundant along sunny 
paths m hardwoods 

32 Aeshna intehbupta Walker — Naiads taken from water- 
lily zone of Niohol’s Bog No adults captured 

33 Aeshna umbbosa Walker — Taken with A eanadensts Sy- 
mg along paths m hardwoods somewhat baok from lake front 
Females observed ovipositing m permanent beach pools 

34 Aeshna vebticalis Hagen — One female taken at Big Stone 
Bay. 


Family: LtbeUidtdae 

35 Didymops tbansvebba (Say) —Collected along edge of 
aspen barrens near Douglas lAke An early form abundant 
late m June 

36. Macbomia ihlinoiensts Walsh. — Emerf^ i^ien the col¬ 
lection was begun on June 21 Spider-like naiads, on 
leaving water to emerge, crawl inland a distance ctf 25-40 
feet to cottages along Douglas Lake, ascend the sides, 
usually continuing to the conuce, some m^t feet from the 
ground From here they emerge. Almost any morning m 
Jime or early July one could gatiier large numbers of the 
exuviae from the sides of houses. 

37. Efioobdvua pbincbps (Hagen).—One male nauul found 
on beach at Doug^ Lake; emerged in laboratoiy, June 2$. 
Naiad closdy resembles that of Maoromia. 

38 NEunocoimuLU obboleta (Say) —A teneral male odleeted 
at East Ptnnt Pools on June 26. “lUs qieoies seems to be 
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everywhere rare There are very few specimens in colleo* 
tions” (Needham, 1901, p 509} A new record for Michigan 

39 Tetkaqoneubia camib Madachlan — One female was 
taken at entrance of Eeese’s Bog, near Burt Lake, July 10 
A rare species 

40 Tbtbaooneubia simulans Muttkowski. — Rather abundant 
all summer 

41 Tktbaoonbubia spinioeba Selys —Fairly common 

42. SouATOCHiiOBA BP (7) — Two females and one male in 
1924 collection, from both Emmet and Cheboygan counties 
Owing to fact that Dr E. M Walker, University of Toronto, 
is at the present tune revising this genus, no specific names 
have been attached to these three specimens 

43 Ladona exxtsta (Say) —An early form, common around 
marshes, bogs and swamps all summer. 

44 LtnELLULA PULCHELLA Drury — I''irst observed on July 21 
at Cecil Bay Common dunng August. 

45 Libellula quadbimacxtlata Lmn£ —Abundant around 
neariy dry swamps. 

46 Nannothemis bblla (Uhler) —SmaHest North American 
anisopteran Weak and sluggish. Prefers to remam at 
rest upon grasses or reeds, seldom flies high above them 
Found from Florida to Quebec, but confined to local areas 
of a few square yards near margins of lakes or streams Two 
males taken at Cecil Bay not more than fifty yards from 
shore of Lake Michigan, July 21 

47. SviitPETRUM COBBOPTUM ^sgen) —Flymg among tall 
bullnishes (Scirpus) growing along edges, and m quiet bays 
of larger lakes. 

48 SvMPETBTiu cosTiFEBUH (Hagen). — Vdty late form First 
observed at mouth of Bessey Creek, August 7. 

49. Sykfetbum obtbubuu (Hagen) '^Very common. 

50. StUpbtbitm BVBictrNDULtnif (Say) —Cmnmon. 

61. LBUOOBBumiA FR10I04 Hagen. — Three males taken, one 
at Cecil Bay, two at Brymit's Bog Flying among taller 
grasses back from water’s edge. 

52. Lbucosbhinia ifuosoincA (Sdys) —One mate taken at 



394 C. FranciB Byers 

Brown Lake, July 28 Found with L proxima and Chro- 
magnm conditum 

53 Leucobbiiinia Intacta Haj^on —Rather common after 
second week m July Found flying over small lakes and 
ponds, especially prone to alight on Chomaedaphne bushra 
near water’s edge 

54 Leucobbuixia proxima Calvert —Closely associated with 
L trUacta Especially abundant around Nichors Bog 

These flfty-four species complete the list of Odonata that were 
taken by the writer dunng the summer of 1924* The collection 
has been deposited in the Museum of Zoology of the University 
of Michigan 


SUMMARY 

The fluctuation of spcoics from year to year must be con¬ 
siderable, to judge from collections made over this temtory 
m past years (O’Bnen, 1910, Evans, 1914) A synoptic table 
of the complete Odonata record of Cheboygan and Emmet 
counties follows. 



Odonaia in Cheboygan and Emmet Counbm 395 


TABLE I 

Complete Record of Species 

In this Table A signifiea spcoiea rororded from adult material, iV, from 
nymphal matenal, L, from the htomture MtiBeuni » Museum of Zoology, 
University of Michigan 'Phe author has examined the matenal upon which 
Columns 1 and 4 are liaaed Tlie specimens that supplied data for Columns 
2 and 3 ore no longer available for examination 


No Species 


1 Agnon a(*ciuabilo 

2 Agnon maculatum 

3 (letaenna aincnoana 

4 Lestes congener 

5 Lestes disjunctus 

0 Lestes rectongularis 

7 Lestes unguicutatus 

8 Lestes uncatus 

0 Lestes forcipatus 

10 Argia violacoa 

11 Enollagina ealverti 

12 Enallagma canuirulntum ' 

13 Enallugma chnum | 

14 Enollogma oxsulans 

16 Knallagma hageui 

10 Chromagrion eonditum 

17 Nehalennia irene 

18 Ischnura posita 

19 Ischnura verticaJis 

20 Amphiagnon saucium 

21 ConlulegsjBter moculatus 

22 Ptngomphus obscura 

23 Hagwus brcvistylus 

24 Ophiogomphus oarolus 

26 C^iogomphus nipikisulensis 

26 Gomphus hrevis 

27 Gomphus exilis 

28 Gomphus Muddon 
20 Gomphus spieatus 

30 Gomphus desonptus 

31 Gomphus sordiduB 

32 Gomphus vastus 

33 Gon^us ventnoosus 
34> Dzomogomphus ^)inoBut 


Byers, *24 

Evans, *14 

0*Brieri, *10 

A 

A 


A 

A 



A 


A 



A 

L 

A 

A 





A 

A 


A 

A 


A 

A 



A 



A 


A 

A 



A 


A 

A 



A 



A 


A 

A 

N 


A 

N 

A 

A 



A 



A 

N 

A 

A 

N 

A 


N 


A 

f 


A 




L 

A 

A 

N 



N 


A 




N 


A 

L 

A 

A 

N 

A 


Museum 


A 


A 

A 

A 


A 
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TABLE l — Conduded 


No Species 

Byers, '24 

Evans, '14 

O'Bncn, ’10 

Museum 

35 Boyena vinosa 

A 

N 

A 


36 Bamoeshna janata 

A 

A 



37 Anax Junius 

A 

A 

A 


38 Aeahna canadonsifl 

A 

L 

A 

A 

39 Aeshna ('onstneta 


N 



40 Aeshua interrupta 

N 

L 

A 

A 

41 Aeshua umbrosa 

A 




42 Aeshua vtuticalui 

A 



A 

43 Aeshna eremita 




A 

44 Epiaaechna heros 


A 



45 Didymops transversa 

A 




40 Macroniia ilhnoiensis 

A 

N 

A 


47 EpicoTdulia pnneeps 

A 

N 



48 Neurocordulia obsoleta 

A 




49 7'otraicoueuna cams 

A 




60 Tetraicoueuna spimjisera 

A 

N 



51 TetmfEoueuna simulans 

A 




52 Gordu^ shuitlcifi 


N 



53 Somatochlora sp ? 

A 




54 Laciona exusta 

A 




55 Libellula pulrhella 

A 

A 



56 Libellula cyanea 


N 



57 Libellula quadnmooulata 

A 




58 Sympetram aswtnilatum 



A 


59 Sympetmm oosttferum 

A 

■H 

A 


00 Sympetrum oomiptum 

A 




61 Sympetnun obinisuni 

A 


A 


02 Sympetrum rulncundulum 

A 


A 


63 S 3 anpetrum sooticum 



A 


64 Ixmeorrhima mtacta 

A 




65 Leuoorrhinia proxitna 

A 




66 Leurorrbinia hudaomca 

A 




67 Leuoorrhinia fngjda 

A 




68 Paohydipiax longipennis 


N 



69 Naimothemia b^a 

A 




70 Odhtliemis eponum 


N 



71 Tramea lacemta 


N 



Total 1 

54 

43 

23 

10 
















Odonata in Chdxfygan and Emma CounUea 397 

This hat of seventy-one species, tiie total number recorded for 
Cheboygan and Emmet counties, will no doubt be added to 
from time to tune, since student-collectors are yearly m the fidd, 
especially in the Douglas Lake temtoiy In order to make this 
number more significant the following Table has been prepared 


TABLE II 
Numbbb or Spbcibs 


Region 

Authority 

Date 

No Spocu'Ji 

Worid 

Muttkowiki 

1910 

2,031* 

North Am^nra 

Muttkowski 

1910 

494* 

New England Btatee 

Howe 

1020 

160 

Indiana 

Wilhamaon 

1917 

125 

Michigan r Schoolcraft Co 

Combe 

1017 

49 


* Including subspecies 


In view of the forty-nine species from Schoolcraft County, 
together with those from the other counties, the prospect of a 
large list of Odonata for the State is hopeful, since diligent col¬ 
lecting m the counties farther to the south will undoubtedly 
yield many additions. 

UmvaBsiTr or MicaiaAN 
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THE PHYSIDAE OF THE AU SABLE 
RIVER, MICHIGAN 

WILLIAM J CLENCH 


Physidae discussed in this jiaper were collected incidental 
to a survey of the fish fauna of the Au Sable Kiver and its 
tributaries, which was made in the summer of 1924 and the 
spnng of 1925 by Mr C L Hubbs, J Metselaar, T L Hankin- 
son and T. H Langlois Though by no means complete, the 
collection and accompanying data give a general idea of the 
extent and distribution of the family in this particular nver- 
system 

The results of similar work, dealing pnmanly with the 
number of species, the extent of distnbution and the relationship 
of the species concerned, relative to surveys of families or genera, 
have b«Mi published by Ortmann (1909, 1918), Harper (1886), 
Uoodnoh (1922) and others The value of those studies hes in 
the fact that they materially extend our knowledge the dis¬ 
tribution and the habits of the species 

The Au Sable River drains portions of cifd^t coimties, the 
main river flowing through Crawford, Oscoda, Alcona and Iosco, 
the tributaries drauiing small sections of Otsego, Roscommon, 
Montmorency and Ogemaw. Many of the tributaries have 
their ongm in lakes and the nver itself bag been dammed m 
several places, creating artificial lakes that wvc an mterestmg 
bcanng on some ecologioal problems in this family 

Four species and one variety were collected, and it is very 
possible that others may be found upim further mvestigation 
PhyM gyrtm Say, the most common species m the family, was 
collected throughout the whole system, oceumng in many types 
of habitat and exhibiting considerable variation P vntegra 
Hold was also collected from numerous localities, but not so 

390 



400 


WiUiam J. Clench 


ccmunonly as P. gynna Both of these species were collected m 
the upper end of Mio Pond, one of the artificial lakes Neither 
species IS a true lake form, though commonly reported as such 
m the hterature They are veiy often associated with lakes, but 
I have found them usually in the smidl beach pools or very small 
coves in protected places about a lake They are not usually 
found along the open, unprotected beaches of lakes, as is 
P saytt Tapp and the many varieties of P analarlta Say The 
specunens from Mio Pond were collected m such a protected 
section They are possibly remnants of the nver fauna which 
existed there before the building of tiie dam They differed 
from material collected at other stations m being more inflated 
or globose, a character associated with the true lake species. 
Most of the P gynna collected are quite elliptical m outline 
and represent the species descnbed Tryon as P oleaeea I 
agree with Baker (1) * that P oleaeea is eponymous with P 
gynna In many cases large numbers of P gynna were col¬ 
lected and a complete senes from half-grown to fully adult 
specimens exhibited this character 

Phyba BA.YU Tapp. 

Chub Creek, near source m a small lake, Otsego Co., West 
Twin Lake, Montmorency Co ; Au Sable River on lower sute 
of Loud Dam and near mouth at Oscoda, Iosco Co. 

These lots are typical for the species, which is very common 
throu^out Miohigw, usually found crawhng over stones along 
the open beaches Though found abundantly in shallow water, 
it IB often found in water % to 25 feet m dep^. I have ccdlected 
specimens at this depth in Pleasant Lake, Washtenaw County, 
on aquatic plants. 

Pkyba ANCiLLAiuA CBASSA Walker 

West Twin Lake, Montmorency Co. 

Only a single dead specimen <d this species was collected. 


> BaketT F. C, p. 4^ IMO 
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PhYSA INTEKIRA Hald 

Beaver Creek, Au Sable River, a fourth of a mile above 
Recreation Club House, East Branch near Grayling, and Au 
Sable River one mile below Stephen’s Bridge, Crawford Co , 
Perry Creek, Ixist Creek, upper end of Mio Pond, Eaat Branch 
of Big Creek and near mouth of Big Creek, Oscoda Co , below 
Five Channels Dam, and Lower South Branch, Iosco Co 

All of the foregomg are typically P ttUegra with the ex¬ 
ception of the Mio Pond matenal These are more mflated than 
those figured by Haldeman (6),' and the spire is not so de- 
vated 


Physa MicHiGANTBNBis Clench 

West Branch of Big Creek, Oscoda Co. 

This lot IS typical of the species It is a purely small-creek 
form It IS very probably an offshoot of P ttUegra, but differs 
mainly from that species m havmg a more produced spire, 
shghtly less impressed sutures and a more eloni^te aperture 

Physa gyriha Say 

Farm Lake, an outlet of Linn Lake, Otsego County, Au 
Sable River aWe Wakeley Bndge, Beaver Creek, and North 
Branch of Au Sable River and its Imbutaiy Big Creek, Crawford 
County, South Branch of nver at Roscommon, Roscommon 
County, East Branch of Big Creek near Luseme, and mouth 
of Big Creek, Lost Creek, Mio Pond, Au Sable River below Mio 
and Perry Creek, Oscoda County, Au Sable River above Al¬ 
cona Pond, lower end of Alcona Pond, and pools just below 
Alcona Dam, Alcona County, Lower South Branch, Loud Pond, 
Au Sable River below Five Channds Dam, and the nver and 
muddy ponds near Oscoda, Iosco County 

Most of the lake and pond material this species differed 
from the stream and river forms m being more c^oboee and usu¬ 
ally a little larger. However, as far as could be ascertained from 
the notes, few spedmens from lake or pond looahties were ob* 

* Hsldeimm, S 8, PI 4, Figs 7 sod & ■ 1843 
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tamed in open situations, being generally collected m halutats 
protected by conformation of the shore line or by aquatic plants, 
or in the close vicinity of such situations 

Presumably the most adaptive species m the whole family is 
P gynna, and it is a species having the greatest amount of var 
nation Baker (2) ’ holds that the environment is capable of 
causing a change in Physa in a single generation In a small 
measure, I think that this is probably true Young P wtegra 
collected in swift water and placed in a still-water aquanum 
have developed characters slightly different from adult specimens 
of the same species collected in the same locahty. True swift- 
water or deep-water forms are usually shouldered and have a 
very low spire P Integra, developed under laboratory con¬ 
ditions, had a much longer spire and lacked the shoulder A 
change m any one species under different environmental con¬ 
ditions may affect many of its characters m a different way 
Thus, the shallow-water forms of P trUegra found in creeks 
differ from the deep-water forms m having a more produced 
spire, but lake forms of the same species are more globose and 
have a comparatively shorter spire It is more than possible 
that these changes m shell characters are accompamed by 
changes m the soft parts as well In a previous paper (3, 1926) 
I have explained other changes m form in a similar way 

Many problems connected with the study of fresh-water 
mdlusks are difficult to solve expenmentally Numerous factors 
are involved and the difficulty of dupheatmg portions of the 
natural environment makes it hard to pomt with any degree of 
certainty to the direct causes of character changes. While 
assumptions do not satisfy, they do help until more satisfaotoiy 
experimental evidence can prove or disprove them. 

Univokbitt or Michiqan 

« Baker, H B., p. 211 1912. 
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THE ESTABLISHMENT OF THE ATLANTIC 
SMELT IN THE UPPER WATERS OF THE 
GREAT LAKES 

CHARLES W. CREABER 
1. Introduction 

I^INCE 1906 several attempts have been made to mtroduoe 
smelt (Psmerua mordax) into the upper waters of the Great 
Lakes At least two of these attempts have been successful 
and the species is now spreading from one of these centers, if 
not from both At each of these places the fish is now propa- 
gatiiig itself and has become a true addition to the fauna It is 
the purpose of the present paper to present tho history of this 
introduction of the smelt, its ongm, present distribution, and 
several items of its life-history pertinent to the understanding of 
all of these points. 

The first attempt to introduce this fish mto the upper waters 
of the Great Lakes appears to have been made m the St Mary’s 
River In 1906 the Michigan State Fish Commission sought to 
make a success of the introduction of landlocked salmon by the 
propagation of smelt as its food Their report* (1909) states 
that “a small consignment of smelt eggs frmn New England 
waters was received at the Soo hatcbeiy last spring (1906) and 
deposited in the St Mary’s River” Hus was not a success 
apparently as the species has never been tak^n m that region 
Smoe that tune many attempts have been made to establish 
smelt in the upper waters of the Great Lakes or their contribut¬ 
ing lakes and streams. ’The reports of tilie Uiutod States Bureau 
of Fisheries for 1909, 1912, 1914, 1916, 1916 and 1921 all recoid 
the Michigan State Fish CommiBsioo as the receiver of large 

* 3tmmM Stport tf iK$ 8tat» Beard ef PiA Commueumere (Mtohiaaii), 
tot flieal yem l9CNhl006 (1909). 
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numbers of eggs Little is known of the fate of these eggs and 
only a few reports have been made regarding tiicir deposition 
in the waters of the State of Michigan Of the 1912 shipment 
the Michigan Fish Commission reports* that on April 4, 1912, 
6 ,000,000 eggs were deposited m Torrh Lake, Antrim County, 
and on April 6, 1912, 16,400,000 eggs were placed m Crystal 
Lake, Benzie County, Michigan It is evident that smelt be> 
came established in Crystal Lake fnan this plantmg as will be 
further mdicated later in this report The fate of the Torch 
liake plantmg will also be considered In 1921 Uic State Fish 
Commission of Michigan received 2,000,000 eggs, which the 
report’ (1922) intunates were deposited m Lake Michigan and 
Lake Huron, but about which they acre unable to give further 
information About 200,000 eggs also were sent to the Huron 
Mountain Club of Marquette County, the histoiy of which will 
bo mdicated later 

All of the eggs used m the numerous plantmgs m the Great 
Lakes region were sent to this State by the Federal Bureau of 
Fisheries This bureau has only one hatchery which collects 
smelt eggs It is located at Green Lake, Marne The smelt 
(PI XXIV) is a native of this lake, many of the eggs being ob¬ 
tained from natural spawnmg The smelt of Green Lake is a 
native fresh-water race of the marine species common along the 
North Atlantic Coast It is a native of many of the fresh waters 
of the New England states Without doubt Green Lake, Maine, 
may be considered the home of all of the Great Lakes smelt. 

II Distribution of the Smelt 

The first speeimen of smelt taken from the upper waters of 
the Great Lakra was received from the Michigan Department ot 
Conservation m May, 1922 No data were included with it 
except that it had been sent m to the Department by Marie 
Craw of Traverse City. A newspaper account (Detroit Free 
Press) of April 6, 1922, dosonbed an odd fish spawning at 

* BtennuU Btport tAe State Beard cf fuh Cmmemanm (Mtehigui). 
for ISaealyoan, 1911-1912 (1913) 

' Btenmol Be/part ef Deparimmt ef Ceiuanatton (Michigan), 1922 
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Fio. 28. Chart shomniift the Dutnbatnm of Smelt (Omunu mordax) 
m the Upper Waters the Great Lakes 
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Crystal Lake, Michigan, which seemed to be the smelt Hiese 
records formed the basis of a note in Copeia* T L. Hanlon* 
son and Carl L Hubbs, which called attention to the fact that 
the smelt was present in the Great Lakes Mark Craw has 
informed the writer that all the specimens that he collected 
name from Cold Creek at Beulah, Michigan, none were from 
Traverse Bay as indicated m the note referred to above. 

Spocimens •have been taken or recorded from the following 
places in the upper Great Lakes basm, all of which are in Ihe 
state of Michigan (see Fig 25) 

1 . Crystal Lake, Benzie Co, Beulah, Michigan Specimens 
have been taken in the lake proper in summer and wmter and 
at a great range of depths, fitnn a tnbutary, Cold Creek, at 
the village of Beulah, and from Ihe outlet, East Botsie River, 
which runs mto Lake Michigan. 

2 Lake Michigan, five miles south of Frankfort, Michigan, 
and one and a half miles out in the lake A specimen was taken 
m a gill-net by the commercial fishermen, L Rodal and Sons, 
and sent to the wnter by Mr Roy Collins These fishermen 
report that smelt is abundant in Lake Michigan off Frankfort 

3 . Big Bay de Noe, Delta Co, Michigan One specimen 
sent to the Museum of Zoology commercial fiidiennen of that 
region 

4 Howe Lake and Trout Lake, Marquette Co, Mudiigan. 
Dr. Bryant Walker reported to the wnter ^t the Huron 
Mountam Club planted these lakes with smelt eggs credited to 
them above. Dr Walter Koelz made a tnp into Hus region fnun 
August 23 to September 2 and caught smelt in both of these 
lakes. They were one to four years edd, which indicates that 
they are established in these la^ Howe Lake has no outlet, 
but Trout Lake drains through Pme Lake to Lake Superior. 
The presence of smelt is accounted for by the egg*plantiDgB 
of 1912 and 1918 

5 Lake Michigan at Northport, Leelanau Co., AHdilgBii. 
Dr Koelz interpreted the description of a strange fish oauf^ 
by fishermen of this region as that of a smelt. 


« Copsm, No. 129, 1922 
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Thu constitutes our knowledge of the dutnbution (A smelt 
in the upper waters of the Great Lidces 

Fme mesh gill-nets, which caught smelt at Ciystal Lake, 
failed to take smelt m Torch Late, Antrim Co, which was 
planted at the same tune that Crystal Late received eggs 

The method of dupersal will be mdicated under the dis¬ 
cussion of the breeding habits It would seem that it u actively 
extending its range m these waters, and mi^ soon become a 
common lisli m the Great Lakes 

in The Establishment or the Sminur 

The establishment of smelt in Crystal Lake has been com¬ 
plete, since the breeding fishes taken there eleven 3 reai 8 later, 
that u on April 17, 1923, were the product of natural spawning 
in the spnng of 1919, 1920 and 1921 Thu was ascertained by 
age-determinations made from their scales * Fidies of two, three, 
four and five years were in the spawmng run (see Pis XXVI, 
XXVil) Young of the year and one-year-old fishes have not 
been taken** Large breeding runs m and about Beulah have 
ooouned every spnng since 1919 Many two-yesnold fishes 
were taken April 6, 1925, which were batched m the 1923 run 
here desenbed. 

It is quite certain that the smelt u well estabh^ed m Howe 
and Trout lakes of Marquette County. The specunens collected 
there by Dr Walter Koels are from one to four years old 
Successive plantmgs of smelt in *toy late in the Great Lakes 
region are not indicated by the state or federal government re¬ 
ports. It is probable that they were the produce of natural 
spawning after the first planting * 

Smelt are very abundant m Ciystal Late, Howe Lake and 

* For a review of tiui method see Chatlee W Creuer, “The Structure 
and Qrawth of ^ Scales of Fishes in relation to the Interpretation of Their 
Idfe-History, with Bpeoutl Eefeienee to the Sun&di (SupomoSis piUomM),” 
Univ. of Mieh, Museum of Zotiogy, Misedlaaeous Pubhoations ifarthmm- 
tng) 

Sinoe this paper was presented the young of the year and the one-year^ 
eld amolt have been oolteoted at Oryatal Lake. This additkmal data will be 
eonaideted in a later report 
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Trout Lake At Crystal Lake they are caught at all seasons of the 
year with hook and line, most frequently, however, in the winter 
through the loe by the perch fishermen Last winter (1924) they 
reported that one half of theu* catch was smelt In the spnng 
at Crystal Lake large numbers come to the crooks to spawn 
The Michigan State Department of (Conservation, through 
Mr Craw, tned to catch all of the smelt that came into Cold 
Creek at Beulah dunng the run of 1925 A gate was placed at 
the lower end of the stream (at the point from which a photo¬ 
graph, Figure 3 of Plate XXV, was taken) Another gate was 
placed about one-fourth of a mile up-stream At night the fishes 
were allowed to pass the first gate and the fishermen removed 
them from the creek until midmght As daylight came and the 
fishes started to return to the lake the lower gate was closed and 
all of them were retained in the stream, from which they were 
removed during the morning and early afternoon Each person 
was allowed twenty pounds The gaine warden kept an account 
of the number of men at work, as nearly as was possible under 
the drcumstances. Borne estimate of the number of fishes that 
came mto Cold Creek can be made from the data thus gathered 
On the average six smelt weigh one pound The value of these 
may be figured on the basis of whitefish pnees prevailing in that 
region at this tune. 


Smelt Bun at Cold Cbeek, Beulah, Michigan, 
Apbil, 1925 


April Tune 

Lbs (Est) 

No ( Eat ) 

Value (at 35^) 

2 

Evening 

600 

3,600 

3 210 00 

8 

0x^-4 30 pm 

4,600 

27,000 

1,675 00 

3 

0 30 p M *11 80 p M 

2,600 

16,000 

873 00 

4 

4 30 PU-8 OOpu 

6,400 

32,400 

1,800 00 

4 

9 30 p M -12 00 p M 

1,300 


433 00 

6 

9 80 a.m-12 OOak 

1.300 


463 00 

6 

All day 

200 

70 00 

7 

All dajr 

lOO 


33 00 

8 

All day 

100 

600 

85 00 


Total 7 day* 


96,000 

1 3,600 00 
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These estimates are certainly under rather tiian over the 
actual numbers They are probably quite dose to the real 
figures. 

In the other lakes the fishes were cau^t quite frequently m 
small mesh gill-nets In Lake Michigan they seem to be quite 
abundant, since the fishermen report that one or two are en¬ 
tangled m almost every set of their large mesh gill-nets Further 
collections are being made as part of the effort to detemune the 
abundance of smelt m Lake Michigan 

IV The Spawnino of the Smelt in Crystal Lake 

The smelt spawns very early m tiie spnng before the ice 
breaks up in the lake as a whole At Crystal Lake the spawning 
started on April 10, 192.S, and by the sixteenth it was at its 
height This was somewhat later than that of 1922, which was 
all over by the eighth of April The run of 1925 was very heavy 
and was concentrated over the period of April 2 to April 8 
All the fishes that entered the Creek were removed, none being 
allowed to return to the lake 

At Beulah the smelt ran up a small permanent stream known 
to the residents as ('old Creek This stream is not over a mile 
long and has its headwaters in a cedar bog, in the portion used 
by the smelt, it flows through the village and enters the south 
end of the lake During these last few hundred foot it is a 
clear stream runmng over a sand and gravel bod with a consid¬ 
erable current. The current was mcreased at the time of spawn¬ 
ing by flood water from the melting ice and snow Part of the 
lower portion of the stream was still covered by a snow-bridge 
This was several inches above the water levd and was firm 
enough to cany the weight of a man Figure 1 of Plate XXV 
was taken from this bridge, whidi is in the unmediate fore¬ 
ground From tluB point to the mouth the Creek was the 
main spawning ground of the smelt Figure 3 of Plate XXV 
shows the rest of the spawning ground of the smelt It was 
taken from a small foot-bridge located midway between the 
mouth of the stream and the snow-bndgo The creek here was 
not over two and one-half feet deep and was about ten feet wide. 
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It will be noticed that at ita mouth the stream » much nairowsr 
because of the wave action of the lake. In the lake proper 
there was an open pool of water which received the flow of creek 
water over a delta of sand and gravel The rest of the lake was 
covered with thick ice Out from under this sheet of lee the 
fishes came m great numbers They crossed tiie ddta bar, pushed 
their way into the narrow mouth of the creek, and fought theur 
way up the swift current of the ice-c<dd creek 

The mam run of smelt is at night Kendall* has reported 
runs on dark days in the streams of New England A few 
smelt always remain m the stream during the day They hang 
m the dark pools, under bridges, and the projecting banka aqd 
ICC But most of them returned to the lake m the memung as 
soon as it was light. At this time hemng-gulls gathered m great 
numbers to feed upon them 

At night on April 17, 1923, just after the sun had set, the 
fishes began to emerge from the lake, a htUe cautioudy at first 
and in no great numbers. They headed mto the current as it 
liecame noticeable at the mouth of the creek and then worked 
their way towards the mouth The smelt is not a strong stream 
fish and it was with considerable effort that it made its way 
against the current An effort was made to avoid the swift 
current and refuge was often taken behmd logs, rocks, vegetation 
and in the deeper pools. The fishes kept quite dose to the bot* 
tom as long as any bottom was available to tiiem. Thor only 
object seemed to be that of going up the stream as far as th^ 
were able They seemed to tire quickly and not many of them 
ascended more than four hundred feet Up to this pomt th^ 
hung in great shifting masses, exerting themselves only enouih 
to keep from being carried down-sfmam During the run of 
1925 over 700 pounds were taken from a branch of Odd Credc 
about a mile up the stream. The current was not as swift as in 
192S. 

Later m the night (2 a m.) great sdiools came into the ice- 
free pool in the lake From this they tried to work their way 

• “FMhes tad Fishmg in Sunapee IaJcs,” Bept V.S Cenm Fuk., 1913, 
K) 1-90 
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into the current of the creek. The sand and gravel ddta be¬ 
came one mass of fishes, so numerous that little or none of the 
bottom could be seen The mouth of the creek became so filled 
that often the upper layer of fishes was forced dear out of the 
water by the pressure on all sides of them. Many were unable 
to get mto the stream at all, and much spawn was deposited on 
the gravel-bottom pool of the lake Mismterpretation of orders 
m 1925 caused the guard to try to hold the &hes m the stream 
until 7 am, some tune after daylight, but they crowded about 
the screen so thickly that a dam was formed which flooded the 
creek and almost washed out the bridge 

Data on the light and current reaction, and on the spawn¬ 
ing habit, were obtained at this tune (1923) both at the inlet 
stream and at the outlet. These are presented under vanous 
heads as follows 


V Lioht Reaction 

It was noted at once that the fishes wore qmte sensitive to 
light. The run is at night and most of the fishes return to deep 
water during the day or hide under the banks and bridges They 
are guided to the stream by a reaction to the current, which will 
be considered later. 

With a strong light it was possible to watch the spawning 
fishes on the bottom of the creek It was soon noted tWt they 
would avoid the lighted area of the creek bottom When the 
li^t was flashed, those withm the bg^ited area qmckly left 
and very soon the area was vacant. In this way it was possible 
to drive the fishes m any direction by the diange of the lig^t. 
Ulus observation of 1923 was used by the garge warden m 1925 
and the entrance of the smelt into the stream was controlled 
very readily by the use of a light. The escape from the lighted 
area was aooomplished in two ways. Most frequently the fishes 
xnerdy relaxed and allowed the current to carry them out of the 
h^ted area down-stream to some dark water below, but they 
also would at times make a sudden dart ahead mto the dark 
water This last reaction was made mily when the dark water 
was just a short distance ahead. When the light was hdd at 
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the mouth of the stream and directed towards the lake pool a 
large part of the run could be stopped, many of the fishes re* 
treating under the ice The run is stopped when the daylight 
causes this reaction and most of the fishes return to the lake by 
the dropping-back reaction followed by a retreat In this drop¬ 
ping back they usually go tail first down the stream, a phenome¬ 
non very iierplexing to the many fishermen who m 1925 were able 
to witness it, when the smelt were held by a screen m the 
stream long after daylight They are thus left m the dark 
waters, under the bridges, overhangmg banks of ice and mow, 
or they are earned back mto the lake As the run reached its 
height the fishes became less reactive to the light and more re- 
mamed m the stream m the daytime 

Fish cultunsts have found that the lig^t is harmful to the 
eg g s of smelt and for the best results they use a room much 
darker than is usual for hatchery purposes This reaction to the 
light has important relations to the regulation for their pro¬ 
tection or control 

VI. The Reaction to Cubbent 

The npe fishes at Crystal Lake seek out any pool d water 
free from ice along the ^ore of tiie lake They remam at any 
openmg where there is a current, regardless of the direction of 
this current This reaction is clearly mdicated by tiieir presence 
in some numbers at the outlet of Crystal Lake As weU shown 
in the photograph (Plate XXV, Fig. 2), conditions here were 
almost identical with those of ^ iiUet stream except for tiie 
direction of the current. Fishes found here were all headed up¬ 
stream. Some of them worked Ubeir way back mto the kk* 
It is certam that these fishes came freon Crystal Ldce, smee the 
dam is of sudi construction as to render it impassible to smdlt. 
Smelt were found as far as one-half mile dowiHrtream. AH of 
these were probably from the lake, smee there were aevmal mdes 
of swift flo^ water between them and Lake Michigan. 

Only mature fishes were found m the po(d or in the breeit 
ing run The one-yeaivold fishes wme misaing. It woidd seem 
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that this reaction to the current is linked with the maturing 
of the gerni cells The older fishes do not have the reaction to 
current developed until the germ odls are mature The young 
immature fish likely behave m the same manner as the unnpc 
adults and hence do not appear m the spawning run 

This reaction to the current is impcnrtant m relation to the 
mctease m their range The normal up-stream spawning re¬ 
action has little effect on the increase m range, except m rare 
cases to populate up-stream lakes On the other hand the 
tendency to come to any pool with a current has a far readung 
effect on their increase of range Fishes coming to the outlet 
stream at night and staymg in the current until daylight, when 
disturbed by the light or confused or fatigued by the current, 
have a way of relaxing themselves and later drifting with the 
cusrent, usually tail first, until protection of the dark water 
IS found Thus the down-stream migration is more important 
from the standpoint of dispersfd than the normal up-stream 
migration The adults of this down-stream migration enter 
Lake Michigan, as also do the young hatdied m the outlet 
stream The normal up-stream migration only carries them 
back into Crystal Ldce The adults and fry eff a normai up¬ 
stream spawning migration ordinarily return to the same liAe 
unless there is an up-stream lake a very short distance away. 
Both of these types of migration will, no doubt, play a part m 
the further distribution of smelt Since it seems to live a pelagic 
hfe m the lake, it must soon be chstnbuted to all parts of any 
lake It readies As indicated under tiie discussion of its dis¬ 
tribution, it IS now quite abundmit in the northern part of Lake 
Midiigan, and the way is open for its miaoduction mto 
Superior through Trout Lake. 

Vll The SpawKWQ Habit or trb Sueut 

• 

Hie smdt is the first spedes <rf fish to qiawn at Crystal 
Lake. For dus reason the eggs and eariy fry escape being 
destroyed by other fish which are largely inactive at this season. 

Althoufi^ the smdt has been reared in hatcheries, its spawn- 
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in g habit has not been well understood Kendall* has reported 
a few mconclueive observations upon it Vanous attempts have 
been made to effect artificial impregnation, but the best results 
have been obtained by the use of the natural spawn or from 
fishes mduced to lay their eggs under more favorable conditions 
for hatching At Crystal Lake m 1923 conditions were ideal 
for the observation of the spawning activity of tike smelt, and 
what seems to be an explanation of it was obtamed 

When the fishes enter the stream the eggs and sperm are npe 
and the breeding fishes are in a miming condition The slii^t^ 
pressure on the body forces the fishes to yidd the eggs or sperm. 
In this runmng condition they enter the stream and come m 
contact with one another and force their way up the creek over 
the gravel bottom Both sexes are present m these crowded 
schools of fishes At tunes a few woidd become detached from 
the main group These were watched for spawning activitieB. 
The males may be distinguished from the females in many 
cases Most of the smaller ones are males while the majonty 
of the very large ones are females. Wherever two fishes of 
this difference in size wore discovered together, the activity 
was watched and afterwards an attempt to catch them m the 
hands was made to verify the sex detennmation The malw 
may be distinguished from the fmnales at breeding tune by 
the fact that they are covered with fine pearl tubercles which 
make their entire body feel like sandpaper. The females are 
smooth. 

Apparently clean gravel was always covered with eggs 
alter a pair had passed over it. Sometimes the bodies of the 
male and the female would vibrate together. Often this action 
was httle more than the natural motion ei the fishes in the 
stream The caudal portions of anelt are always in motion 
when they are m the current and all of the schools ate thus 
‘favoraUe places for this action to occur mdetenninately witii 
the mixed fishes Certainly the stream was too dark for one 
fish to see another What sex reoogmta<Mi there is must 
through the difference in the reaction and the feelutg. tlie 

’ iSuL, p 77 
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fishes would be able to discnmmate between the contact of two 
rough or two smooth bodies or the proper one of smooth and 
rough 

It IS hkcly that the main spawning takes place as a result of 
the crowding together of the two sexes when they are m a 
running condition. The close contact, over the gravel bottom, 
of the fishes with the spawn running provides an excellent chance 
for the eggs to be fertilized Biggs were found up and down the 
stream wherever the fishes had been runnmg the night before 
Many were found even in the lake, where the fishes were not 
able to make their way mto the creek. 

As has been indicated the mam spawmng ground of the 
smelt IS m the streams, but they also spawn on t^ gravel delta 
m the lake or m any pool with a current Kendall in his report 
states that they spawn on the wind-swept shores or even in 
lakes without sand shores 

VIII Food Relations of the Smelt 

At Ciystal I^ake a large number of smelt are taken through 
the ice with hook and Ime The lake shmer, Notropta athen^ 
notdes, is used for bait About twenty smelt caught in this way 
showed only this bait as stomach content. One specimen con¬ 
tained in its stomach only a single crustacean (Pontoporeia) 
This would mdicate that the smelt does feed during the winter, 
but to what extent will have to be determmed from specimens 
cau^t without the use of bait 

Fishes on the spawmng ground eat but very httle. Dr Jan 
Metzelaar examined 110 smelt collected by,the wnter from 
Cold Creek, Beulah, Michigan Most of these were empty but 
a few oontomed, m insignificant number, smelt eggs and the 
debns to whidb the eggs were attached 

Dr. Metselaar exammed the stomachs of 147 smelt taken at 
Crystal Lake by the writer about September 1 Of these, 20 
were totally empty Three oontamed young rock-bass, 78, the 
certainly identifiable remains of the Udce-sbiner, and 35 more, 
fish remains probably of this species, 25 contamed insect larvae 
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or pupae, either midges (Chironomidae), or may-flies (Hexa- 
gema). By volume-percentage the food was as follows 


Food 

Pkhcentaoei 

Lake ahiner, Notropw tUheriTiouks 

41 7 

YiAi remaina, probably lake-ehmcr 

56 6 

Aock-hasB, AmbioplUea rupeatna 

1 0 

Larvae and pupae of zmd^, CfatronomidB 

0 6 

Larvae of may-flieB, Hexagoma 

0 7 

Pupal inay-ilios, Hexagenia 

0 4 

Total 

100 0 


From this it is evident that in summer the adult smelt of 
Crystal Lake feeds almost entirely (97 3 per cent) on the lake- 
shiner, a species of minnow which at this season of the year 
swims about in very large compact schools near the surface, 
over deep water The adult fishes do not at this season pr^ to 
any degree on game fish Furthermore they do not senously 
compete at this tune with other fishes for food, smee, as is shown 
below, the other fishes do not feed on this shmer 

The food of the perch (Perea fianeacene) in Crystal Lake 
as determined from forty-seven specimens taken at the same time 
and in the some net set as tiie snelt reported idxive, that is 
September 1, consisted of msects, 60 per cent, most of which 
were the larvae and pupae of midges, and crustaceans of vari¬ 
ous kinds, 41 per cent. 

The food of the spot-tailed minnows (Notropta hudaormu), 
taken hkewise m the same net, was found to be the same as tha t 
of the perch, while those from the shoals were feeding almost 
entirely on adult insects No data are available as to the feeding 
habits of the adult fishes during the late spring and early summer. 
As yet nothing is known about the young fiidi tit the one-year- 
old groups. Kendall ■ has found Jhat the small smelt of the New 
England lakes feed upon crustaceans, and it is likely that the 
young fidies have nmilar feechng habits. If such is the case they 
would form rather important competiton of the perch of Crystal 
Lake. 


* Loe cii. 
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The feeding habite of the adults during the late summer 
show that the smelt at this tune is not replacing the other food 
fishes, but that it is an actual addition to the native fauna But 
since nothing is as yet known of the food habits of the young 
fishes, only additional study can determine the pomt 

The specimen of smelt obtained from Lake Michigan con- 
tamed one fish which Mr Hubbs identified as a young spedmen 
of the lake-hernng (or of some other species of the whitefish 
family) and a crustacean, Mysis rduta, which he has shown * 
forms the chief food of the deep-water species of whitefish, chubs, 
and the like 

In view of the known habit of smelt m feeding near the sur> 
face at Crystal Lake, and of the well-mdicated possibility that 
the young of the whitefish have the same pelagic halut as that 
of the lake-shmer, Notropis aihertrundes, the possible food-rela¬ 
tion of smelt with these unportant food fish m the Great Lakes 
18 apparent 

IX Tub Growth op Suelt 

Much can be told of the age and growth of smelt from a 
study of the specimens taken at Crystal lake The scales can 
be used for the determination of their age Mastermann has 
made a study of the European smelt from the scales Only the 
general outline of the growth will be presented here, smee a 
mote detailed study of the material has not yet been completed. 

The scales of smelt (Pis. XXVI, XXVII) diow veiy dear 
year marks (annuh). They are veiy thm and have widdy spaced 
ndges. Most of the scale is expos^ and m this fidd tto annu¬ 
lus shows very plamly Since smdt ate hatched m early spring 
and the specimens tdened to were taken at this tune of the 
year, each annulus repreeents just a year of growth The annulus 
is formed when growth starts in the spnng. The new scale-growth 

' tl. B. Coker, Sept V S, Comm , Appendix 8, p 13,1321 (1322) 
“Rspert oa Investigationa upra the fiiiMt {Oommui tpoiiimut) with 
Special Refeieme to Age DetenmoaUon by Study of Sodos and Its Bearing 
upon Sexual Maturity,” Board tf AgneuUwe and Fuhmoo Fuhtneo /n«M> 
tigaHan (London), Senea 1, 1 (1313) 118-128. 
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18 developed without reference to, and in discord with, the pattern 
of the older growth of scale Well-defined length-groups, not jret 
fully worked out, are noticeable These coincide with the groups 
established on the basis of scale detemunationB. 

No one-year-old fish have as yet been taken, consequently 
only an estimate, based on scale propcntion, can be made of 
the size of smelt at the end of their first year Scale propor¬ 
tions indicate that the smelt is about three or four mches m 
length at this tune. It contmucs to grow at a rapid rate 
throughout the second summer and by the time it matures 
(at the end of the second year) it has reached a size of from six 
to eight mches The smallest of Ibe two-year sizes so far ex¬ 
amined was SIX and one-half inches m total length (sec PI XXVI, 
Fig. 1) and the largest one seven and onc-half inches The three- 
year-old fishes reach a size up to nuie and the four up to ten 
mches in total length (see PI XXVI, Fig 2), and the five-year- 
old fishes (see PI. XXVII) are from ten and three-quarters mches 
to twelve mches long No six-year-old fishes have been exanuned, 
but the reports of fishes fourteen mches long mdicate tiiat smelt 
may live to be six years old. 

It IS also evident from the scales that the smelt does not 
start to grow until after it spawns and that it does not grow 
during the winter period 

As Kendall has shown, there are at least two Hypes’ of 
smelt m the lakes of New England. One of these matures at a 
much smaller size than the other and it has correqxmding 
differences in feeding habits. As has been idiown above, the 
one mtroduoed mto Crystal liSke matures at a large size and 
reaches a size as large as that reported tnm the eastern lakes 
and from salt water Some of the smaller races of smelt mature 
at a size of about three mohes and never readi a size of over 
six inches. It is therefore appMmt that it is liie fast-growing 
type that has been introduced Into the Great Lakes. This form 

u Oorl L Hubbii hM duouased the taxonomio atstus tiiese huidloeked 
typos of smelt and of the Atlantic spooMa la hia “Bevukm of tiw Oame^ 
FishM of the North Paoifio," Proe fitoi. Soe. WoaA, 88. MMM. 1925. 
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is the one best fitted for commercial purposes, not the slow- 
growmg type sometimes recommended as food for the land* 
locked salmon The latter purpose of course was the one for 
which it was introduced. 

Some data on the weightrincreaae has been obtained. At 
seven and three-quarters mches the fish weighs 16 ounces This 
18 about the average two-year-old ose. The one-year-old fishes 
would probably weigh about 015 ounces The three-year-old 
fishes weighed from 2 0 ounces when eight and one-fourth mches 
long to 3 0 ounces when mne and one-half mches long Those 
of larger siise, about eleven inches, weigh about 50 ounces 
Much additional data are needed to establidi the nonnal we^t- 
mcrease of smelt 

X Thu Aoe of the Smei/t at Spawnino 

Smelt breeds m the early spring at the end of its second year 
Evidence of this is found in the scides (see PI XXVI, Fig 1), 
since the smallest breeding fishes always have two growmg seasons 
mdicated on the scales The first wmter is shown by a clear 
annulus, the other winter edge of the scale is present at the very 
margin m early spnng The annulus is not developed until the 
spring growth starts after spawning Also when smelt eggs were 
planted in certain eastern lakes a breeding-run occurred two 
years later Mastermann has found that the European onelt 
also breeds at the end of the second year 

The effort made at the tune of the spawning-run leaves a 
mark on the scale of the smelt. The lateral edge <A the scale is 
tom and brtdcen at this tune This oonditimi wiB be noticed on 
the outer edge of all the scales taken from breeding fishes of 
various ages. These breaks are rebuilt when the seidc starts its 
i^inng growth and ocunpletes the annulus. This spawning annu¬ 
lus IB well shown m the second annulus of Figure 2, Plate 
XXVI. The first annulus of the spring whm the fishes did not 
spawn is t^pilar A careful study of numerous scales of tiiree- 
and four-yeanold fidies shows that every annulus except the first 
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one has undergone some rebuilding at one pomt or anottier. 
Frcrni this evidence it is certain that the smelt breeds at the end 
of its second year and every year after until its death The 
presence of different age-groups m the spawning-run also lends 
support to this conclusion spawning annulus is comparable 
to that established for the Atlantic salmon, a fish which makes a 
spawnmg-run. 


Summary 

The smelt has become completely established in Ciystal 
Lake, Bensie County, Michigan, by planting from Green Lake, 
Marne Large breeding-runs in and about Cold Creek at Beulah 
have occurred every spnng since 1919 Smelt is also present 
m Lake Michigan and in Trout and Howe lakes of northern 
Michigan 

Spawmng takes place at Crystal Lake before the lee breaks 
up in the lake as a whole The fishes ascend small streams at 
night, returning to the lake during the day Spawning fidies 
avoid the li^t by a ‘dropping back’ reaction. They sedc out a 
current and orient themselves against it, regardless of the direc¬ 
tion of the current They are bemg distnbuted to Lake Michi¬ 
gan by this reaction, which directs them to the outlet stream 
down which they drift tail first at dayli^t. About 96,000 
fishes entered Cold Creek dunng the spawning-run of 1926. An 
examination of the scales showed that the breeding runs are 
composed of two-, three-, four- and five-year-dd fidies. Smelt 
breeds at the end of its second wmter, and every yew after 
that, as indicated by the spawnmg annuU Qrowtli is very 
rapid for the first two years, the period of immaturity, after 
wldch it falls dS noticeably 

The two-, three- and foun>year fishes at Crystal Lake m sum¬ 
mer feed mostly (97.3 per cent) on the hdce-shiner One speci¬ 
men from Lake Michigan was feeding on the young of the 
iake-hemng and on the orustaoean, Mysu rebda, known to be 
the food of the deep-water whitefidi 

The spread of this introduced fish is of great soentifie and 
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econonuc interest, and further study many of the pautts 
presented here will be undertaken. 

This study of smelt m the Great Lakes is a part of the 
biologioal work supported by the State Department of Conser^ 
vation of Michigan The writer is delighted to acknowledge 
this assistance and also that of Uie Museum of Zoology of the 
University of Michigan. 

GuLLBUS OF THE CiTY OF DeTSOIT 

Dethoit, Miohioan 
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EXPLANATION OF PLATES 

PLATE XXIV 

A tv^o-yoar-oldi brecHliiigi male smelt from Crystal Lake (life sist^ 

PLATE XXV 

Fio 1 The upiwr spawning ground of smelt in Cold Creek, Beulah^ 
Mu lagan 

Fig 2 The outlet of Crystal littke, East Befsie Hivor, by which smelt are 
reaching Lake Mujhigun, and in ^hich Ronu Hi>awn 

Fig 3 The mouth of C^old Creek, Crystal Loki, n^achod by the smelt that 
coim* to the irc-frec pool m the lake 

PLATE XXVI 

Fig 1 Thi scale of the smallest breedmg smelt Two years of growth are 
indurated The first wmter is indicated by the well-formed annulus, 
the scale was taken at the end of the stcond aintc^r 

P’lo 2 The scale of a breeding smelt, showing two annuli and three yc'aw 
of growth Spawnmg marks are indicated for the second and third 
years. 


PLATE XXVII 

The scale of a breeding smelt showing four annub and indicating five years 
of growth Spawning marks are present m the second, thml and fourth 
years The numbers on the Plate indicate the growth by years 





















THE MAMMAL FAUNA OF A WOODED 
LOT IN SOUTHERN MICHIGAN 

CHARLES M DAVIS, Jb 

INURING the months of March, Apnl and May of 1924, a 
survey wua made of the mammal fauna of a somewhat 
swampy wooded lot of eighty acres, located in the southeast 
quarter of Section 27, Scio Township, Washtenaw County, 
Michigan This lot is a typical oak-maple-hu*kory hardwood of 
second-growth trees A few large old white oaks are probably 
from the ongmal stand Parts of the woods are low and in the 
spring and eariy summer are covered with pools of water The 
largest of these, of which there are several throughout the woods, 
is perhaps an acre in extent They dram away m the late 
summer, but last long enough to allow the growth of a marginal 
thicket of dogwood, buttonbush and the like. 

The stand is fairly dense and consists of the following species, 
which are arranged in the approximate order of their frequency* 

Bad oak (Quercua rubra bareaha) Wild red cherry {Fnmua aero^na) 

White oak (Quercwi Swamp white oak (Quercua btedor) 

Red maple {Acer rubrum) Sugar maple {Acer aaccJtanm) 

Shagbark hickory {Carya owito) White elm (Ultnua amencarHi) 

White ash {Fraxmua ammeana) Red ehn {Ulmuafulva) 

Booswood {Ttlta araencana) Red ash {Fnmnua pennaylvantca) 

Pigaut hickory {Carya glabra) 

The undergrowth consists principally of the following species 

Witch hanl (Rafsomrife lar^ntana) Service berry {Amdanchter canoden- 
Haielnut {Cornua amerteana) n«) * 

Greybazk dogwood {Cornua pameu^ Hop hornbeam {Carpanua earchnt^ 
lata) ana) 

Red oner dogwood {Cornua aidonif* Buttonbush {Ce^udofUkua ocetdm- 
era) taha) 

Flowering dogwood (Cornua fiorida) SassafTss (jSTasaqfras eartifoltum) 
Pnckly aril (Baedhoisyhm ammeo- Hawthorn {Craiaegua ap ) 
nvm) Swamp holly {tlex verHciUaUi) 

Inmwood (Oalura mrgmiana) Airow-wood (Fibwmum a4anfdiim) 

m 
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The commoner herbs are of the following speoes. 

Sedge {Carex sp) Dedstiww {Gahum bonah) 

Tnllium (TrtUvum grandtflorwn) Violet (Viobi *p ) 

Ma.nHmkft (Podophyllum peUatum) BittcRTcw (Cardomwie deugbiMn) 

Wild strawberry (Fragana mrytta,- Wild mspherry (Btdnu oeadenUdu) 
ana) Addor’s-tongue (firythraniim amen- 

Bishop’s cap (Madia dtphylla) canum) 

Bloodi^t (tSangmnana canademm) 

Considerable reproduction of the following species was noted. 
Acer rubrum, Fraximu amencana, TUta amencana, Quercua alba, 
Carya oordtformts, Quercua rubra 

Twelve species of mammals were identified as being present 
in the woods at the present time Ten of these were taken or 
observed by the writer, and two are based on rebable reports of 
capture within the previous year 
A list of the mammals follows 

Peromybcus lbucopus NOVGBOBAC 19 NBIS (Fisch). Northern 
White-footed Deer Mouse —This was by far the most 
plentiful mammal About twenty specimens were taken 
near logs or stumps It is almost entirely nocturnal but one 
was seen at about 3 30 p m., on a very cloudy afternoon 
The shells of acorns were often seen around the runwasrs 
and holes whore Pcromyscus was taken A pour of this 
species taken from a wooded lot not far away produced a 
htter of five young on the 10th of April, two days after 
capture. All of the young died withm a few days Three 
more htters were produced approxunately on June 5, 
August 1 and September 15 The female died about the 
first of October 

Blabina bbbvicavoa talpoidbs (Say) Short-tailed Shrew — 
Five specimens were taken on successive ni^ts, March 20 
to 24 In April, May and June the fresh ranams cX 
were found along the runways used by Blanna. These had 
probably been eaten by Blaiina, smee the shells were 
sunilar to those mentioned by Shull.^ These remains wwe 
identified by Mr W G Clench, of the Museum <rf Zodlogy, 

> Afiur Nat., 41 SCKT 
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Umversity of Michigan, as belongmg to tiie apeeieB Omphor 
Itna euprea (Raf), Pyramtdula dUerruda (Say) and PoZy- 
gyra thyroidea (Say) 

Tamias BTRiATUs LYHTEBi (Ricbatdson) Northeastern Chip¬ 
munk — Three specimens were taken, two on March 26, 
and another on May 11 The last of these was taken m a 
hollow stump which was, apparently, a frequent stopping 
place for a good many mammals. Several other specimens 
were seen in the woods 

SciURUs CAROLiNENsis LEUCOTis (Gapper) Northern Grey 
Squirrel —Two specunens were secured on April 23, and 
May 14 Both wore taken in densely wooded places 
SciuRus Huosomcus loqvax (Bangs) Southeastern Red 
Sqmrrel —Although one was taken on May 15, these 
squirrels were not plentiful until the last week in May, when 
several were seen each day The specimen obtamed on 
May 15 had shed about half the wmter coat One taken 
on May 16 was apparently secreting nulk, and the mammary 
glands were very large 

MuSTELA NOVEBOBACENSlS NOVEBORACENSI8 (EmmOns) NeW 
York Weasel — One specimen was taken on May 14 
Marmota monax rufebcbns (Howell) Rufesoent Woodchuck. 
— Two specimens were scoured on May 11 One was 
trapped in the hollow of a standing tree mto which she had 
been seen to run The specimen had prominent manunary 
glands and was very thm The other was a male Neither 
showed any indications of the autumnal layer of fat. 
Bynaptomys cooperi cooperi (Baird) Cooper Lemming- 
Vole — One small light-colored specimen was taken on 
May 20, on a dty forest floor two hundaed yards from water 
This was apparently a straggler, as no others were taken 
SYnvnAQUs flobidantjs mbarnsii (Allen) Meam’s Cotton¬ 
tail — Several speoimens were seen at various times m the 
woods, and their droppings were common 
Mspbitib niora (Peale and Beauv). Eastern Skunk. — A good 
many of this speoies were taken by a local trapper m tfais 
woods dunng the wmter erf 1923-24. I saw several oar- 
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oaases and skulls m a hollow where they had been left by 
hun 

Phogyon lotob (Lmn ) Raccoon — One was reported kiUod m 
this woods in the fall of 1923 Some may still exist in this 
or neighboring woods 

SciUBUS NioBB BUFiVENTEB (Geoffroy) Fox Squirrel. — No 
sppcimons were secured, but the species is frequent here 
according to local reports They ore common all around 
Ann Arbor 

The writer is indebted to Dr Lee R Dice, curator of mam¬ 
mals in the Museum of Zoology, Umversity of Michigan, for 
constant help and supervision, and to Mr Carl O Erlanson 
of the Department of Botany, Umversity of Michigan, for help 
m the determmation of the plant names. 

Uniybbscty or Michioan 



THE PHYLOGENY AND PHYLOGENETIC 
TENDENCIES OF GYRINIDAE* 

MEl.VILLB H HATCH 

'JpHE present paper is a study of tiie phytogeny and phyloge¬ 
netic tendencies of the coleopterous family Gyiuudae Hie 
author has seen about 30 per cent of the forms described, repre- 
sentmg the major groups of species and has studied most of the 
lesser evolutionary tendencies indicated m the hterature, with the 
exception of Paragynnus Oclis (1924, p 231). Most of the 
exotic material was procured from Staudinger and Bang-Hims 
The data relative to the intergenenc variation of Gynnidae were 
secured m the course of a study of the exoskeleton which will be 
pubhshed elsewhere 

De Kerherve (1922) and Ochs (1924) make observations, 
unsupported by detailed considerationa, on the phylogenetic 
histoiy of the Gyrimdae which are more or less at variance with 
the results of the present study. l>e Keiherve considers En- 
hydnis as a recent migrant to South Amonca This same 
authorls insistence upon the relatively late appearance of the 
Oreotochilim is m accord with niy own views Ochs, apparently 
on the basis of its cosmopolitamsm, regards Gynnus as nearest to 
the pnnutave type of the family, and places the Gynninae first, 
followed by Eidiydrinae and Orectochilmae; 

The author makes acknowledgment to Professor Paul S 
Wdch under whose direction this study was made, and to Herr 
Qeoig Ochs for specimens, especially a paralype of Orectochtbu 
t^rteamB Odis, and for bibhographical aid. 

* A oontributioo from the Zoological Laboratory of the Umvemty of 
Miehigsa. 
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I. PHYLOGENY 

Since the days of I^e Conte and Horn the Gynnidae have 
usually been associated with the Cicindohdae, Carabidae, Hali- 
plidae, Hygrobudae, Amphizoidae and Dytiscidae to foim the 
senes or suborder Adephaga Some authors place the Cupedidae, 
Rhysodidae and Paussidae m the same senes, largely on the 
basis of wmg venation Fowler’s (1912, pp 61-52) table of tiie 
families may be consulted for a statement of the characters in¬ 
volved There is a tendency in certam quarters to separate the 
Gynnidae from this complex Sharp (1899, p 216) wntes that 
they have httle or no affinity with other Adephaga, and Fowler 
(1912, p 50) states that, if they are not to retained as Ade¬ 
phaga, they must form a suborder of their own Long (1920, 
p 26) raises them to the rank of a superfamily which, with the 
Caraboidea, forms the suborder Adephaga 

The first step that one must take m the study of gynnid 
ftflRnitioa IS to divest the beetles of their adaptive charaeters 
Eyes, antennae, legs and mesostemum must all be left out of 
consideration These are gynmd rather than coleopterous 
structures, a complex of features which have arisen m the process 
of the beetle’s becoming a g 3 mnid In the light of its non- 
adaptive characters, it is not impossible to determme its afiin- 
ities with a fair degree of approximation 

In general structure the Gyrmidae are adephagous Desinte 
the great superficial modification of those parts, both antennae 
and tarsi retain the pnmitive number of segments. The secmid 
ventral segment of the abdomen is visible ’The propleurel 
suture 18 present. Above all, the wing retains the areeda oblonga 
or oHongum, a feature that is very characteristic of the Ade¬ 
phaga. Horn (1881, p. 94) based his primary divimcm of the 
series on the presence or absence of the antecoxal suture. The 
Gynmdae and D}rtiscidae alone lack this structure A further 
character of possible significance is the retention of Ihe tip of 
of Cu m the primitive gynmd It is likewise present m spemes 
of Hahplidae, Hygrobudae, Amphumdae and Dytieddae, and 
may be evidence of the vahdity of Handlitsoh’s sapahomly 
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Hydrocantharim (1923, p 560), which was erected to include 
these families and the G 3 rnmdae 

When the Dytiscidac and Gynmdae are compared in detail, 
practically nothing is found m the latter that cannot be derived 
from the former The homologieB that possibly exist between 
the divided gynmd eye and the upper and lower lobes of the eye 
of Colyinbitini will be ])Ointed out m another paper In the 
trophi it 18 probable that the parts m the gynmd represent a 
condition of severe smiphcity which can be mterpreted best as a 
reduction A similar though less strongly marked tendency m 
the same direction is manifested in the dytiscid trophi Sucdi 
differences as there are between the two are evidence of greater 
denvativeness m the Gynmdae The two segments of the galea 
have been fused mto one The smgle infrabmstia of the man¬ 
dible m Dytiscus is reduced to an impressed hne in the gynmd 
In the labium, the loosely constructed stipulae with their distinct 
palpigers m Dytiscus have become the heavily chitmised stipulae 
of the Gynmdae with the palpigers fused with and hardly dis¬ 
tinct from the rest of the structure The abdomen of Gynmdae 
is eight-segmented In Dytiscus the eighth segment is mme 
compheated, more primitive, than in the Gynmdae, bemg split 
ventrad idong the meson Within the eighth segment a rudi¬ 
mentary ninth segment is to be found 

The genitalia offer the most senous difficulty to the postu¬ 
lation of a dytiBCOid ancestry for the Ojmmdae The female 
gemtaha of the two are profoundly dissimilar. Hie difficulty m 
regan) to the male gemtaha anses if they are considered primi¬ 
tive. Like the trophi and the terminal portions of the abdomen, 
the genitalia appear simplified It is entirely possible that Sharp 
and Muir (1912) may have mistaken a sunpMed for a primitive 
condition At any rate, until more evidence can be obtamed on 
this subject, it is best to follow the wei^t of evidence m favor 
of a dytucoid ancestry for the Gynnidae Granted a dytiscoid 
ancestry, it is not unreasonable to suppose that a good portion 
of the general aquatic adaptations of ^ gynmd body, as ^po, 
contour and tiie coadaptation parts, is truly homologous with 
dytiscoid structure 
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No ficientifio postulation can be more certain than that the 
Gynnidae were derived from some more generalized, non-gynnid, 
non-surface-dwelltng, coleopterous ancestor If the d 3 rtiBcoid 
ancestry l>e accepted, the evolution of the gynnoid t 3 rpe in¬ 
volves the modification of some pond beetle ancestor with air- 
breathing larvae to form a race of beetles highly adapted in the 
imago to life on the surface of the water and in the larval stage 
to life in the water independent of the surface 

It IS possible to amve at a formula that will do justice to the 
findings of the science of heredity and to the facts of adaptation 
by supposing that the environment preserves favorable vaim- 
tions That new types, os the Oyrinidae, liave come into bemg as 
the result of a single change from some other fonn is not hkely. 
It IS much more probable that they began in a feeble tentative 
way to take up life on the surface of the water They found a 
high degree of freedom from competition m this habitat and 
were favored, so that, when, as a result of subsequent changes, 
they became increasingly adapted to it, they were still more 
favored In this way it is still possible to speak of the direct 
mfluence of the aivironment, for nothing can be surer thfui that 
the gyruuds would never have developed m the absence of a 
surface habitat 

Paleontological evidence —Handlirsch (1906-1908, pp 446- 
449) rejects as unoertam the customary ascnption of the Meso* 
zoic fossils to the Gyrimdae Cenozoic species have been de¬ 
scribed as follows Gyrikus, Oligocene, Miocene, Pleistocene of 
Europe, recent species from interglaciaJ of Europe and North 
America, Palaeogyrinus, Oligocene of Europe; Gyrinoides, 
Ol^sooene (Baltic Amber) of Europe, DiKEimis, Upper Miocene 
of Europe 

Hie remoteness of the upper eye from the margin of the 
bead t<^ther with the general habitus is a character that will 
diagnose Gyrimdae and b applicable to fossils. Handhrsch can 
hardly have appreciated this, or he would not have rejected 
Anagyrinus atavua Heer (Lower Lias of Switzerland) as a 
gyrimd figure (Handlirsch, T XLI, Fig 41, Heer, 1870, 
Vol. I, PI VIII, Fig. 18} shows the dorsum of a beetle of genend 
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gynmd fames, about 3 5 nun long (4 nun. in Handlimch) with 
the eyes distinctly removed from the margins of the head and 
with a distmct scutellum. Hoer’s three species of Gynnites 
with “the eyes reaching the margm of the head’’ (1876, p 90) 
are probably not gynnids Dtneuiua longtvenirte Heer (1876, 
Vol II, Fig 281, p 38), length 8 3 mm, from the Swiss Upper 
Miocene, which likewise has the eye completely removed from 
the margin of the head and the scutelliun mvisible, is {uobably 
a valid gynmd Figures or descnptions of the other Cenospic 
Gyrmulae are not at hand. In general, however, Gyrmus or 
gyrmoid types are to be expected in the Holarctic area during 
Cenozoie time 

The presence of a definite gynmd fossil m the Lower JunisBie 
and the absence of all beetle remams m the pre-Mesosoic place 
the origin of the Gynmdae fairly defimtely m Tnassic time 

The structure of the two species mdicated above is too 
scantily known to warrant any very significant condiiaonB. 
Sue, shape and the presence d a scutellum place Anagynnus 
with the Gynnini, in fact there is no positive reason for not 
considering it a true Gyrmus It must be remembered m coiw 
nection with the small siso of this insect that the Lias was a tune 
of unfavorable clunates and small msects Sise and the absence 
of a scutellum argue m favor of the correctness of the assignment 
to Dmeutus of the upper Miocene species Heer (1876, Vol. II, 
p. 145) claims that ^e climate of ^ Miocene fauna and flora 
of Switserland is “sufficiently explamed by adding 9 degrees 
Cent (or 16 2 degrees Fahr.) -to the present temperature” 
Nino degrees Centigrade is just about the average annual dif¬ 
ference m temperature today between Switxerhuid and those 
parts of Syna and E^pt mhalnted by BmetOue subeptnostts 
Klug It is possible that, under the stimulus of milder chmatic 
conditions, Dmeutus was able to extend its range from its 
Ethiopian center and penetrate fartiier to the north m this 
region than it can at the present. 
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iNTBttOaNBRIC VARIATION OF GyrINIDAB 
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II PHYLOGENETIC TENDENCIES 

1 Pnmtttve and Denuaiive Charaders 

The accompanying Table presents the essential data m 
regard to the intergenenc variation of the Gynmdae In it the 
several characters that vary intergenencally to the number of 
thirty-four have been tabulated. The letter P indicates the 
character m an unmodified or primitive form, D, the character 
in a modified or denvative form The modifications involved 
are mdicated below m the order m which they appear m the 
table 

The oorpotentoniim may be proBcnt (P) or abHent (D) 

Brachyoephalisation mvolvos the absence (P) or preseuce (D) of an antero- 
posterior oompreasion of the head 

‘Eyes’ refore to the absenee (P) or presence (D) of a forward displacement 
of the dorsal compound eye 

The antaoaval ndae may be distant (P) or near (D) the cxocutata 
The exooulata may bo present (P) or exhibit a tendency tovmrds obsolescence 
The antacava may (P) or may not (D) fail to attain the frontal ndge 
The psoudofrontal ndge, a second ndgo above the frontal ndge, may bo 
absent (P) or present (D) 

The antenna may have a flagelluin with nme segments (P), oi|dit segments 
(I D), seven segments (| D), or six segments (D) 

The lobe of the mandible may (P) or may not (O) fail to di^lay a tendency 
towards the obsolescence of its pFoximo*'median lobe 
The galea of the maxilla may (P) or may not (D) be present 
The epmotum may (P) or may not (D) be transversely impressed. 

The prostenium may (P) or may not (D) fail to display a oetdialad migra¬ 
tion of the procoxacavae, which results m the extreme narrowing of the 
elevated antenor margm of the prostemum 
The Boutellum may be br^ly (P) or'narrowly ({D) triangular as exposed 
by t^e elytra at rest, or covert by the epmotum (}D), or with a hdobod 
postenor margm (D) 

The mesocoxae may be distant (P), moderately dose (iD), or approximate 

(P) 

The motftfurca may (F) or may not (D) fall to have its bifurcated arms 
fused. 

Tine metacoxae may (P) or may not (D) fail to eschilnt a tendency of tlio 
antenor margms of the coxae to aasume an extremely obhque position, 
whioh results in a reductimi of the use of the metaatemal wings. 

The quitarsomere may (P) or may not (D) be separated from the quatar- 
somere m the meso- atid metapods. 

The mesoprephnigiaa may bo simple (P), bilobed (|D), or bifurcate with 
long anns (D), or seco^anly simple (D) 
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Tho mesoecutum may (P) or may not (D) be divided mto anterior and 
poBtcrvor bjcm , , . 

The mceonotum may (P) or may not (D) fad to bo comproHSCsd so that a 
oottstdemble portion of its surface is forced over onto its cephalie aspect. 
'Dorsal puliescouoe’ refers to the absome (?) or presence (D) of at least a 
j 7 yi.r pni>.l area of pubescent e on the dorsum 
The elytjal apex may (P) or may not (I>) be evenly rounded In only a few 
of the species of Dmeutus (JD) is tho elytral apex not rounded 
'Metanotum' refers to tbe presence (P) or absence (D) of a caudal produc¬ 
tion of the notopterae 

'Tip of Cu' refers to the presence (P) or absence (D) of the tip of tho cu- 
bitus. , , , « 

'Loss of W* refers to the presence (P) or absence (D) oi the wedge-oou, 
‘Loss of 3d Ai' refers to the presence (P) or absence (D) of the second branch 
of Uie third anal vem 

'Hairs of abdomen' refers to the absence (P) or presence (D) of a row of 
hairs on the meson of the caudal abdominal sterna 
'Lataoonae' refers to the Absentee (P) or presence (D) of an increased mem* 
braniaation of the basal lataoonae and the absents (P) or presenoe (D) 
of a tendency towards the increased chitimzation and loss of the caudal 
lataoonao 

'Tcrga' refers to the absence (P) or presence (D) of a tendency towards the 
increased mombranisation of the basal alidominal tergu 
The sterna of the caudal abdominal segments may (P) or may not (D) hul 
to exhibit dongation 

The trestemasuture may be present (P) or partially (^D) or almost com¬ 
pletely (D) obsolescent. 

The quaprevenpheae may be aliscnt (P) or present (D) 

The gcmtidia may have tho lateral lobes m both sexes broad and rounded 
(P), truncate (iD), or narrowed (D) 

The validity of the tabulation depends (1) on its oomplete- 
ness, (2) on the certainty with which the characters can be 
indicated as cither primitive or derivative, and (3) on the degree 
to wtuch the more significant variations have not been over¬ 
shadowed by the less significant 

A few characters have not been tabulated 

(1) The degree of expansion of the protarsal segments vanes 
considerably and reaches an extreme in Enhydnis It is posmble 
that this should be indicated as a further derivative character 
for this genus, but seoondaiy sexual characters are so variable 
in general that it seemed best to omit reference to them. 

(2) It is quite impossible to designate with any degree of 
oartainty the nature of the elytral sculpture of the primitive 
gynmd. On the assumption that it was smooth, it would be 
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necessary to regard all the tribes derivative in respect to elytral 
sculpture. Attention has been confined to the dorsal pubescence, 
and its presence in the Orectochihm has been regarded as deriv¬ 
ative, its absence in other tribes as pnmitive. 

(3) It has been impossible to decide whether or not the 
broader more rounded gyrinin wing is to be regarded as prim¬ 
itive or derivative 

(4) Consideration of the variable grooves on the ventral 
surface of the mandible has been omitted since they are of un¬ 
certain significance. 

(5) No attempt is made in the Table to indicate the degree 
of denvativeness suggested by body size G 3 ninidae range m 
length from 27 mm {Porrhorrhynchua landatat ) to 3 5 mm 
(Gyretea angusUUtis R6g ), which means that the largest gyrimd 
IS approximately two hundred tunes the volume of the smallest 
The data for the genera and certain of the subgenera are given 
below, the mode is the length most frequently attained by 
species of the genus Enhydrus, 11-22 mm, mode 18-22 mm , 
Dineutus (s. air), 9 G 23 mm , mode 15 mm , Cychnus, 8 5-16 
mm, mode 10 nun.; Cyclous, 6 75-16 mm, mode 9 and 12.5 
mm , SpmoBodineutes, 7-9 mm, mode 8-8 5 mm , Porrorrh 3 m- 
chus, 11 5-27 nun , mode 20-21 mm., Androgynis, 11-18 mm., 
mode 13 mm., Maorogyrus, 6 5-18 mm, mode 11-12 mm; 
Orectochilus, 3 8-13 mm, mode 6 mm., Orectogyrus, 4 5-14 mm, 
mode 8 mm , Oyretes, 3.5-10 mm, mode 5 mm., Aulonogyros, 
4-10 mm., mode 6 mm , Gynnus, 3 8-8 mm, mode 5 mm 

If the view that Enhydrus apfunximates tte pnmitive type is 
correct, Porrhorrhynchus represents only a shght increase m 
sue, and the general tendency is towards a decrease Some of 
the larger species of Orectogyrus apparently aepresent a second¬ 
ary increase. In the intragenenc development oi Dmeutus, 
Orectochilus and Gynnus, in Uio movement from Enlqrdrus to 
Dineatus, from Enhydrus throuf^ Androgjmis to Macrogsrrus, 
from the Enhydhm to the Orectochdini and Gynnim, from 
Orectodiilus to Oyretes, from Aulanogyrus to Gynnus a de¬ 
crease in else aooompaiues moreaaed derivativeneae. Gsrretes 
and Qyriaus, the genera standing at the ends of the two main 
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lines of devdopment of the family, are the two smallest. The 
larger species m general inhabit the more tropical regions, the 
smaller species are distributed quite mdiscnminately 

The argument for considermg tiie various characters m the 
Table as primitive or derivative may be formulated under six 
beads 

(1) The most fundamental assumption is that those oon- 
diti(HiB present in a considerable number of other Coleoptera 
are to be considered generalized when present in the (lynnidae 
and that departures from this are to be considered as denvative. 
The followmg characters are considered primitive on these 
grounds presence of a oorpotentonum, presence of a galea cn 
the maxilla, and eleven-jointed antenna, a complete tresternasu- 
ture, absence of a row of hairs on the meson of the terminal 
abdoimnal sterna, absence of a pseudofrontal ndge (as m Dytis- 
cidae), and a simply rounded eljrtron On the same groimds 
a mesoscutellum exposed by the epmotum has been considered 
more primitive than one covered by the epmotum and the de¬ 
parture of the soutellum from the triangular form has been 
considered denvative Because the metascutellum as a rule 
attains the antenor margm of the metanotum m Coleoptera, it 
was felt that its failure to do so m the Gynnim mdieated a 
denvative condition. 

(2) It has been assumed that withm a small group like the 
Oynmdae fhe loss of a structure is a more frequent oceurrence 
than its gain. In general where structures, sutures, wing-vems, 
antennal segments, etc, have been found to be absent or more 
reduced m one genus than m another, it has been assumed that 
the condition of absence or reduction is the more denvative. 

(8) Superficial characters are presrait in some the g»iera 
that are of such aberrant or unusual occurrence in Coleoptera 
that it was felt that it was quite safe to consider them denvative 
Such are the rows of hairs on the meson of the caudal abdominal 
terga, the mand>ud pubescence ci the dorsum, the fused ■■wn* 
of the metafuroa, tiie quaprevenplicae, and the pseudofrontal 
ridge found m one or another of the genera 

(4) Variations mdioating a tendency k ^ direction of an 
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antenv-poBterior compreesion of adentes aro likewise interpreted 
as denvative This ib a well-known tendency among aquatic 
insects and it is not surprising that it should be mamfested m 
the Gynnidae The shortemng al the head, shiftmg of the eyes, 
shiftmg of the antacava relative to its surrounding ndges, 
shifting of the procoxacavae, compression of the mesonotum, and 
marked shifting of the metacoxac and compression of the metar 
sternum ore all to be interpreted as manifestations of this process 

(5) Correlated with their life on running water, the Oreoto- 
chiluu possess an extremely attenuated elongate body It is 
assumed that the migration was from ponds to streams and not 
vice versa, and, consequently, that such characters as are closdy 
correlated with the attenuated body are to be regarded as 
denvative In some cases the connection is quite obvious, for 
example in the elongate termmal abdominal segments, the approx¬ 
imate mesocoxae, the oblique metacoxae, and the narrow meso- 
Bcutellum It IS not quite as obvious why the mandibles and 
paired lateral lobes of the gemtalia should show the same 
tendency. The latter may, perhaps, be correlated with the 
narrower caudal abdominal segments 

(6) Characters have been mdicated as primitive m a few 
instances when it was felt that they approximated a more or less 
hypothetical type The determination of pnmitiveness is much 
less certain m these instances, though it is beheved that it still 
possesses a considerable degree of validity. Fortunately the 
characters m this class are neither numerous nor especially 
important The tendency towards increased membraaiaation of 
tile basal abdominal terga and lataooriae has been mterpreted 
as derivative It is supposed that it may be mdicative of a 
general tendency in tiie Coleoptora With m<»easing dependency 
upon tile elytra tiie need for hard basal teiga and lataconae 
became less and lees Certamly somenriiere in the ancestiy of 
the beetles a form occurred with meml»anous meso-win^ and 
rtiatively hard terga and lataconae. Furtiieimore, tiie tendency 
of the mesoprephragma in the Oyrinidae to devriop a paur iri 
long arms has been regarded as derivative, a simple bilobed 
oondition as more or less intermediate, and a simple ccmdition as 
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p rimi tive, except in Gyrates, in which the simple lobe extends 
m an elongate arm and is regarded as secondanly simpilified and 
derivative Fmally, the sli^tly truncate genital lobes m tiie 
Gyrinim are regarded as more derivative than the simply 
rounded condition m the Enhydnni 

It will bo noticed that three of the characters listed in the 
Table refer to reduction of wing veins, eight characters, five of 
them m the head, refer to antero-postenor compression, and 
five to the process of attenuation and elongation. 

2 Tendenaea of Tnbea and Subfaimthea 

As inspection of the Table of characters reveals that there are 
three distinct groups of genera as r^ards degree of derivative* 
ness, represented respectively by the figures 2-61, 20-24, tmd 
121-14 A. These correspond to the thm gynmd tnbes desig* 
nated by R6gunbart (1882-1007) as Enhydiim, Orectochihni 
and Gynmm Ahlwarth m Pars 21 of the Coteopierorvm Ca£ai‘ 
logiis (1910) raised the rank of these tnbes to subfamihes, and 
is followed m this by Winkler (1924) and Ochs (1924), but not 
by Leng (1920) or Handlirsch (1923). The tribes may be defined 
as follows 

Enbydrini corpotentonum preset, galea absent; elytoa 
with mne stnae which are frequently obsolete, dorsal eye never 
antenor to ventral eye, antacaval ndge moderately distant from 
exooulata which is distinct; frontal ndge distant from dorsal 
margm of antacava, antennae 8-11-segmented, posterior median 
lobe of mandible distinct; procoxacavae distant from anterior 
margin of prostemum, antenor margm of metacoxa never 
extremely obhque, metastemal wings m form of broad tnan^; 
portion of metaooxae mesad of coxacanna greater portion 
laterad; mesal portion of mesonotum visible on dorsal aspect 
anterior to mesosoutulis; metascutulis attaining cqdialie maii^ 
of metanotum, notopterae produced caudad at caudal margin of 
metanotiun, wing elongate; tip of Cu ^ncaUy presrat, ab* 
sent in some of the denvative genera; wedg&*oell and 3d As 
present, caudal segments not elongate, without a row of bans on 
meson below; goutal lobes broad and rounded eaudad. 
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Orectochilmi. corpotentorium and galea absent, elytra 
UDBCulptured; at least the lateral margms of dorsum pubescent, 
antacaval ndge moderately distant fnnn cxoculata which is 
indistmct; frontal ndge identical with dorsal margm of antacava, 
antennae S-ll-'segmented, posterior median lobe of mandible 
indistmct, procoxacavae close to anterior margm of prostemum, 
antenor margm of metacoxae extremely oblique, portion of 
metacoxae mesad of coxacanna much narrower than portion 
laterad, mesal portion of mesonotum mvisible on dorsal aspect 
antenor to mesoscutuhs, metascutuhs attaming oephahc margm 
of metanotum, notopterae produced caudad at caudal margm at 
metanotum, wmg elongate; tip of Cu present, wedge-cell and 
3d Aa absent, terminal abdommal segments elongate with a row 
of hairs on meson of venter, basal abdmmnal terga and lata- 
oonae coriaceous, trestemasuture obsolete, gemtal lobes narrow 
and dongate. 

Gyruuni corpotentorium absent, galea present, elytra with 
eleven stnae, the discal ones of which are sometimes obsdete, 
antacaval ndge close to exoculata which is distant, frontal ndgge 
distant from dorsal margin of antacava, antennae 9-segmented, 
posterior median lobe of mandiUe distmct, precoxacavae dis¬ 
tant from anterior margin of prostemum, antenor margm of 
metacoxae oblique, metasternal wings narrow, portion of 
metaooxa mesad to coxacarina narrows than portion laterad; 
mesal portion of mesonotum visible on dorsal aspect antenor to 
mesoscutulis, which is alwasra m part exposed by the epmotum, 
metascutulis not attabing cephalic margin of metanotum, 
notopterae not produced caudad at caudal margm at metanotum, 
mesoprephragma produced m pair of long arms, wmg diorter 
and more rounded caudad; tip of Cu and* wedge-cell absent, 
3d A| present, caudal abdominal s^m^ts not elongate, without 
a row at hairs on meson below; gmital lobes subtruncate caudad 

While tiiese tribes represent the Imes of cleavage that stand 
out most clearly in both a structural and geographicid sense, the 
Enhydrini and Oreotochilini are probably more dosely related to 
eadi other than is either tribe to ttoGynnini. The most important 
yaiiations to be eomddeied are the loss at the galea in the Enhy- 
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dnni and Orectochduu and the loss of the corpotentonum m ihe 
Orectochiluu and Gynnim The loss in both cases is probably 
a derivative character, so that neither Enhydnni nor Gynnixu 
can be derived from the other, but must represent divergent 
tendencies I'hey must both be derived from some hypothetical 
gynnid possessing both corpotentonum and galea 

The Orectochiluu are denvativc as regards both galea and 
corpotentonum They are an adaptation of the pond*inhabitmg 
gynnid to runmng water Their stnu'ture mvolves a consider¬ 
able compression of sclerites in the thoraac region as well as a 
general attenuation of the tiody and an elongation that is effected 
chiefly by a lengthening of the terminal abdominal segments 
Two new characters are pro^nt, their dorsal pubesoenoe and the 
row of haiis on the meson of the terminal abdominal sterna 
The proof of the close relationship of the Enhydnm and Orecto- 
chihm hes m the repeated occurrence of sunilar primitive features 
m the two grou^w, as the retention of the tip of Cu m Enhydrus 
and the Orectochilmi, the retention of the relatively simple 
mesopn^phragma, metanotum, and a wide space between the 
antacaval ndge and the exoculata The Orectochilmi and the 
Gynnmi agree in the loss of the corpiotentonum and also to the 
extent that their antero-postenor compression has resulted m a 
somewhat similar modification of the metacoxao and the meta- 
stemal wings Both these are derivative characters, and while 
importance must be attached to them, the possession of many 
prumtive characters in common by Orectochihm and Enhydnni 
outweighs them in my opinion The Orectochilmi are a hig^y 
denvative group, mudi more so than the Gynmni, but ^eir 
Biieoialization has been in an entirely different direction, and 
their affinities are nearly all with the relatively pnmitive Enhy¬ 
dnni, especially with Enhydrus, the most primitive genus of the 
family 

In the light of this evidence, it is proposed to unite the 
Enhydnm and Orectochilmi to form a single subfamily, Enhydri- 
nae, and to place the Gynnmi m a second subfamily, the Gyrini* 
nae This removes the Orectochihm from its tre^tional {dace 
at the end of the gynmd series, but such is the result of arrang- 
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ing tho tnbes in accordance with lines of descent rather than 
according to the static concept of the degree of specialization 
The two subfamilies may be defined as follows 

Enhydnnae galea absent, antacaval ndge inoderat/ely dis¬ 
tant from exoculata, metascutulis attaining cephalic margin of 
metanotum, notopterae produced caudad at caudal margin of 
inetauotum, wing elongate, tip of Cu present, though absent in 
the more derivative genera of Enhydniu 

Gynninae galea present, antacaval ndge close to exoculata, 
metascutulis not attainmg cephalic margin of motanotum, notop- 
terao not produced caudad at caudal margin of metanotum, 
wing shorter and more rounded caudad, tip of Cu alisent 

For purposes of identification, the gynnid tnbes may be dis¬ 
tinguished according to the following Table 

TABLE OF TRIBES OF GYRINIDAE 

Donuil surface entirely alabrou^, last atidomiiial segment rounded with¬ 
out row of hairs on meson below 

Portion of metacoxa laterad of ooxacanna less than portion mosad, 
metostemal wmgs in form of Itroad triangle, elytra smooth or with 
nine striae, length usually over 8 lum 6 5^26 mm Enhydnni 

B* Portion of inetaeoxa latemd of coxoeanna greater than portion me- 
sad, motasienial wings narrow, elytra with eleven stnue, sometimes 
with diBcal striae obsolete, length usually imdor 8 mm 3 75-10 
mm Gvrmini 

A* Dorsid surface usually without sculpture, pubescent, at least at mar¬ 
gins, last abdominal segment elongate, conical, with row of hairs on 
meson below, length usually under 10 mm 3 5-14 mm Oroctochilini 

Each tnbe is, in general, world-wide m distnbution. The 
absence of Orectochilim from Australasia is correlated with the 
high degree of denvativenesa of this group and its oonsequent late 
development m geological tune Each tnhe represents an mdepen- 
dont process of migration, dispersion and adaptation to the vaxy- 
mg geographical habitats In the case of the Oyrmmi and the 
Enhydnni, the pond situation, with the exception of certain 
species, has probably been the one occupied, on the one hand by 
forms with a small size and on the other hand by forms with a 
large size The Orectochilini represent on adaptation to rumung 
water that gave an opportunity for a third dispersion. 
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3 Enhydnnt 

The genera of the Enhydruu may be tabulated as fdlows: 

TABLE OF GENERA OF ENHYDEINI 

A* Form pntnitively broad* beoozmng secondarily narrow in certain species 
of DineutuS) wedge-cell proeont between 2dAi and 3d Ai. 

Scut^um visible* trestemasuture complete* elytral striae distmct; 
fli^Gcllum ^-segmented* tip of Cu present* South America Enhydrua 
B*. ^utellum mvisible* trestemasuture incomplete* tip of Ou absent 
Labrum transverse* elytral atnao feeble to obsolete* flagellum 
fl-segmented* caudal margm of scutcUum simple Dmeutus 

G* Labrum triangular* elytra, striae obsolete* flagellum fl-seg- 
mentod* caudal margin of scutcUum bilobed, 11*26 ram long* 
Xndo-Malayman Forrhorrhynchus 

A* Form more narrow, wedge-cell and tip of Cu absent, scutellum visible* 
trestemasuture incomplete* elytral stnae feeble 

B> E^mal elytral angle not proxnment* flagellum O-segmented; South 
America Androgynis 

B*, External elytral angle prominent* flagellum 3-segmented* Austra¬ 
lasian Moerogyrus 

There are two quite distmct subtnbes of Enhydiini shati^ 
dutmguished by bodily form and wmg venatioD. In eitiier case, 
the most pmmtive member of the group is found m South 
America. On the one hand the migration was to Africa and 
North America; on the other hand, to Austraha. 

The presence of a complete trestemasuture and the tip 
of Cu reveals Einhydrus as the most pnmitive genus dt the tnbe. 
The broad form and sunply rounded elytral apex are probably 
further piimitive oharao^ A simply rounded elytral apex 
almost B^-evidently represents a more immitive condition 
a sinuate, truncate, or vanously si^oee one It is the mdy type 
from wbeh the other types can be derived Not eveb the qiedes 
of Enhydrus possess a p^ectly rounded dytral i^iex, but piewnt 
faint signs of the emargination wbch becomes so prominoit b 
other members of the tribe. The broad form is eonsideted 
primitive b part because it represents a minitmim dqpee dt 
adaptation to life on the surface of the water The dratinetly 
pmnted contour that the sntenor portion of the body —nmwi b 
Porriiorrhynohus and Dinsubs dtaooior Attb4 and the narrow 
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cylindrical form of the Orectochiboi and Dtneuius anguatua Lee. 
show the ways m which the primitive form has been modified, 
especially under the influence of runrung water. Even the nar- 
rowing of the body of Androgyrus and Gyrmim probably repre¬ 
sents an increased adaptability to surface conditions If it be 
supposed that the Gynmdae came from some quiet water an¬ 
cestor of dytisooid habits and form, simie due is provided to the 
ongm of the broad oval form 

The moderately large sue and distinct dytral striae are 
further characters that are considered prumtive. Those speiaes 
of Dineutus that most nearly approach Enhydrus m form and m 
the shape of the elytral apices hkewise dosdy approximate it in 
size. When stnae can be traced at dl m the Dmeutmi, as they 
can m some species of all the genera except Pbrrhorrhynchus, 
they are mne in number. It is more natural to suppose that 
there is a general tendency to lose the stnae than that they 
have been mdependently acquired m the several genera. 

The flagdlum of the antenna possesses only six segments m 
Enhydrus and Dineutus, which indicates the close relationship 
of t^ two. Porrhorrhynohus and Patrus (Orectochiluu) m the 
Malay region and Androgyrus m South Amenca are groups 
otherwise denvative from Enhydrus, but with from ei^t to 
nine segments m the flagellum. Perhaps they are evidence of 
some pro&ihydroid group with a mne-segmented flagellum and 
>n extensive distribution 

Enhydrus oomtitutes a group tit onty four species confined to 
Panama, northern South Amenca, and Brasil Ihey vary m 
regard to the shape of the anterior legs oi the male, the color tit 
the surface of the body, and the nature of the dytral stnae 
Nothing is recorded concerning their habits 

INneutus and Fonhorrhynchus are distinguished from En- 
hydnis by three diaracters, each one of which can be consideted a 
direct derivative of the condition m Enhydrus' (1) the obscuring 
of tiie soutdlum by the posterior margin oS the epinotam, (2) 
the partial obsoleseence of the tiiestemasuture, and (3) ^ 
tendency towards obsdlesoence of the dytral atriae. Dineutiia u 
the less derivative of the two. It Is absent from the range of 
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Enhydrus except m Panama, though it occurs m the geographi¬ 
cally adjacent regions of Central Amenca and Ethioina Elsewhere 
it occurs m the West Indies, Mexico, Umted States and southern 
Canada east of the Rocky Mountains, C'anaiy and Cape Verde 
Islands, Egypt, Syna, Kashmir, Ceylon and India north to 
Manchuria, Korea and Japan and southeastward throughout 
the East Indies, except Solomon Islands, to Australia, Tasmania, 
New Zealand, New Caledonia and Fiji Islands 

This IS an illustration of a principle of more or less general 
application m the Gyrmidae, that closely related groups of 
species often do not have identical but adjacent centers of dis¬ 
persal Overlapping is due to migration from separate centers 
It IS natural to suppose that, when a group of animals has 
established itself in a region, it has been successful m becraning 
adapted to some situation in that area When the migrants 
from this original stock enter an adjacent area the effect of 
isolation and a different environment makes itself felt in the 
production of a new race, the result of a new situation, a race 
that IB adapted to the new situation and not to the old. In 
general it may be expected that the habitat occupied m the new 
region is closely similar to the old, and that the differentiation 
between the two races is not great It is not at all surprising, 
then, that the derivative form is unable to reenter and establidi 
itself at all extensively in the temtory of its ancestor Increased 
denvativeness does not necessarily mvolve improvouent. Evo¬ 
lution may take the form of a coincident but divergent process 
operating upon an originally homogeneous stock m adjacent but 
isolated or semi-isolated areas Each race will become fitted to 
Its own particular set of conditions and will often be highly 
successful in keeping out relatives from adjacent regums If (me 
of the races is an improvement upon the other and no ban»n 
prevent, it will extend its range, perhaps exterminate Uie othmr 
race, and obliterate the record. 

The species of Dineutus may be divided into four sub- 
generic groups, as mdicated in the Table 
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TABLE OF SUBGENERA OF DINEUTUS MACLEAY 

Body hroad, oval, not narmwod antenorly, elytial apex usually feebly 
smuate at extenor analc (apex hidrntate m D mnwnttpemts Cast), size 
usually largo, rarely (D arabtetut and D perm , Arabia) less 
than 12 min long, occurs throughout range of genus except West Indies, 
northern and central United States, C'anada, Syria, Manchuna, Korea, 
Formosa, Pfaihppmc Islands, Borneo, Olelies, New (iumea. New Cale¬ 
donia and New Zealand, 31 species, 18 Ethiopian, typi* /hfieulus polt- 
MacLeay Dineutus (« air) 

A’ Body shape representing several types of modification from the broad 
oval form of the pnimtive type, narrower, usually under 12 mm m 
length (except three species) 

U>. Iktdy narrower, length under 12 mm (except C longtmamta Oliv 
11 5-16 mm), e] 3 d;ral apex evenly rounded or smuate (biepmoso m 
C longtmamta Oliv), North Amenea, 13 species, type Cydtmta 
aanmtha Kby , 1837, - C, ameneanua Say Cyclmus Kby 

B* Body narrower, exterior olytral angle distmot and usually product 
as a spine, at least in males 

Mid-apical margm of elytra not produced as a spme, thorax 
uid el 3 d;ra not margined with Uetaeoous, occurs throuf^uut the 
range of tlio genus m the Old World except Canary Islands, 
Arabia, northern Chma, Manchuna, Korea, Japan, Riu-Km 
Islands, Formosa, 12 species Cyclous Esch 

C> Mid-apical margin of elytra produc*ed to form a spme, thorax 
and el^ra margined with testaceous, length 7-0 mm , eastern 
and northeastern portion of range of genus Australia, New 
Qiunoa, Celebes, Java, Borneo, Sumatra, Malay Peninsula, Burma, 
Siam, Ceylon and eastern India, Chma, Formosa, lliu-Kiu Islands, 
Japan, Korea, Manchuna, 3 species, type Oynnw apmoaue F. 

SpmoBodmeutes, n subg 

If the reasons that have been adduced for considering Enhy- 
druB primitive and Dineutus as denvative from it are sound, 
there is good ground to beheve that the subgenus Dineutus repre¬ 
sents the generalised type from which the other subgenera have 
been denved, Oyclinus m North America and Cydous and 
Spinosodineutes m Malaysia. Its distingmsUng characters arc 
its large mse, broad oval form, and lack of specialisation of the 
dytral apex The apex is stnMtgly dentate m D sinuastpennts 
Citft. of Madagascar, but die spines are not homologous with 
those in Cyolous and Spinosodineutes, but apical and the result 
of an exaggerated amuoaity The mesal spine is a production of 
the sutural anj^e, which is not the case in Spinosodineutes 
The only i^ieoies known to be less than twelve millimeters in 
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length are two Arabian species, whose aberrance is not surprising 
m view of their occurrence at the extreme penphery of the range 
of the group. The species are distributed from Australasia to 
Ethiopia and Central America Ethiopian, 18 species; Austral¬ 
asian, 5 species, Indo-Malaysian, 4 species. North Amencan, 
4 species. This mdicates Ethiopia as the center of dispersal of 
the group 

The species that have been assigned to Cychnus do not 
represent a very decided departure from Dmeutus (« sir.). They 
are distmguidied from the latter by thoir narrower, less oval form 
and smaller aise, which, except in D longtmamut 01, nevm* 
exceeds a length of twelve millimeters The Mexican D sah- 
tanua Aub4 presents scarcely any deviation m form from Dmeu¬ 
tus (« sir ) From this condition there are numerous gradatioms 
to such extremely differentiated species as D. discchr Aub4, D 
angastus Lee and D. longtmanus 01 The twelve species of this 
Bubgenus range from Nicaragua and the West Indies to Canada. 
Their absence from the Pacific Coast riiould preclude tiie possi- 
bihty of Asiatic affimties 

The twelve species that are grouped under the subgeneno 
designation Cyolous are distinguished from Dmeutus (« «(r) by 
their narrower bodies, smaller size and distinct external elytral 
angle. The last two characters show a distinct gradation, which 
Is a material aid in indicating the probable center and origin 
and path of dispersal of the group. 

Ilie presence in New Gumea and Celebes of those specks 
that most doeely approximate Dmeutus (a. afr) as regards mss 
and the feeble development of tiie elytral apex iwdic ate it this 
general region as the place of origm of the group. It is further 
significant that Dmeutus (a. afr) does not occur on eiAer of 
tiiese iribmds The species are D tetraeemthua R4g Id-lfi mm, 
D peOaralta R4g 12-16 mm , D mesosternahs B4g. 12.76-186 
mm.; D. ntsemm R4g 11 mm Rdgimbart’s figures of D fui/h 
raks and D. rttaemm illustrate species with tiie dytial apex 
scarcely more than obtuse D. vnfiatm Blaokb., 

D, janthtnua Blanch. 9 mm, I^i Islands, and D austrabs Fab. 
8.6-9 mm.. New Zealand, New Caledonia, Malay 
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Archipelago and the PhQippine Islands represent the spreading 
of this group into adjacent regions. The males of the last 
species have the external elytral imi^eB distinctly spinose Hie 
females apparently have a toidency to retain the ancestral 
condition and have the eljrtral ainoes truncate only with the 
external elytral angles distinct but not spmose An opposite 
tendency is manifested by the specaee of Cychnus m whu^ the 
derivative characters are more strongly devdoped m the female 

The five remaining species of this subgenus have a serrate' 
and well*developed spinose eljrtral apex and represent the more 
western extension and more denvative development of the 
group D. aharpt 11-12 mm, Guinea, D aubaptnoaua 

Klug 85-0 mm, Ethiopia, Syria, East Indies (?); D. untdenla- 
tua Aub4 7.5-8 mm, Ceylonese region, Burma, Java, China, 
D. aaiulua K5g 6-7 5 mm, Phihppme Idands; and D /aueeb 
B6g 7 5-8 mm, Gumea Coast. These species represent the 
further development of the pnmitive Cychnus tendencies m an 
adjacent region. 

The subgeneric name Spinosodmeutes is apphed to a group 
three closely related and widdy ranging species D. mcargmatua 
Sharp, East Indies and India to Japan and Manchuria; D 
neoguineenaia R5g., New Gumea and Australia, and D. aptnoa/ua 
F., East Indies, Siam, Burma. In Japan and Mimchuria it is 
the only Dmeutus that occurs It is charactensed by havmg the 
spme and the external angle of the eljrtral margin w^ devebped, 
a second spine developed from the apimd margin of the elj^, 
and the thorax and elytra with a testaceous margm Of the 
tiiree species, D marginaiua has a relatively feeUy developed 
apical spine and may be considered primitive. D neogutneenata 
with an mtermediately developed affical qitne and D apmoaua 
witii a stronj^y developed ajMcal spine may be considered deriv¬ 
ative. The entire group is a derivation from the more special- 
iaed members of Cychnus, and may represent tiie re-occupation 
of the eastern area by a derivative of the more western branch 
of that sabgenuB. 

PiKihorrhynohus k in geaenl a gmus of five very large epe- 
oies bhahiiang Ceykm, Malay Pemnsula, Indo-China, southern 
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China, Japan (7), Sumatra, Java, Borneo, Celebes and New 
Guinea They are characterized m the hterature chiefly by the 
triangul ar labrum, but also by modifications of the male tarsus 
P. hndam R4g is the only species which I have been able to 
dissect In it the eight-segmented flagellum, the bilobed caudal 
margm of the mcsoscutellum, and the undivided mesoscutum 
were found to be further characters of possible diagnostic 
significance The five species are apparently not closely mter- 
related, but represent widely diveigent tendencies, so that it is 
best not to generahze Were it not for the eight-segmented 
flagellum, P hmdam could be regarded as a derivative Dmeutus 
Its ensemble of characters is more derivative than Dmeutus, 
and it 18 certainly genencally distmct from it The species of 
Porrhorrhynchus are said to inhabit the pools of mountam 
streams and to be powerful and active swimmers The dis¬ 
tinctly narrowed anterior end of P kmdatn and P. margtnatus 
Cast, may probably be looked upon as an adaptation to r unning 
water It is closely paralleled by the form of Dmetitua dtscolar 
Aub6 

Nothwithstanding the more pmmtive antennae, an ensemUe 
of characters shows that Androgyrus and Macrogynis are more 
derivative than Enhydrus The narrower form, Uie absence of 
the wedge-coU and the tip of Cu m the wing, the mcomplete 
tsestemasuture, and the feeble elytral stnae are all mdioative 
of a more derivative structure than is present m Enhydrus. 
Macrogsmis can be regarded as a direct derivative of Androgy¬ 
rus, its prominent external angles, eight-segmented fln gnllnnn, and 
uniformly narrow form all beu^ derived from the condition in 
Androgyrus 

The six species of Androgyrus are confined to the western 
margm of South Amenca from Vmiesuela to Chile and Pata¬ 
gonia. Such a range does not represent a very extensive over¬ 
lapping of the range of Enhydrus and it is entirety pnnatbla 
tlwt Androgyrus arose m more or less isolaUon in western 
South Amenca as a result of a modification of an enhydroid 
ancestor with a nine-segmented flagellum. Considemble pro- 
gresrive change in form is mdicated among the ii paaie* of An- 
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drogyrus from the relatively broad A bttqueh Aub6 of Cdumbia 
to the oaiTow A. sematopunctahia of the more southern 
portions of the continent 

A Pacific or Antarctic land connection is necessary to 
account for the migration of Macrogyms to Austraha The 
species of Macrogyms occur in Amtraha, New Guinea, Timor, 
Timor-Laut, Sumbawa and New Caledonia, but not m Tasmania, 
New Zealand, or Celebes The following Table cA the groups of 
species of Macrogyms, slightly modified from Rdgimbart, will 
indicate the major tendencies manifested by the species 

TABLE OF GROUPS OF SPECIES OF MACROGYBUS RJXl 

A* Metasteroal wings m tlie form of broad tnang^ and not strongly 
narrowed between the coxae 

B' Apex of elytra truncate with very blunt an^ea, 2 sppciea 
B* Apex of elytra sharply truncate with sharp anidea, 17 apecMB 
A’ Metaatemal wrings m the form of elongate tnanglea, narrow^ between 
the coxae 

C Prothorax and elytra not bordered wnth ydlow, 4 species 
C* Prothorax and elytra bordered with yellow, 1 species (Jf paradoxus 
IWg.) 


4. OrectockihM 

The Orectochilim represent an adaptation to running water, 
and correlated with this are some of the most important defim- 
tive characters of the tnbe an meteased antero-postenor com¬ 
pression, a lengthening of the caudal abdominal segments and 
genitalia, and a row of hairs on the meson of tiie last two ab> 
domtnal sterna In addition, all the species possess an area of 
pubescence along the margm of the dorsum, which in many 
species 18 expanded to cover large areas or all of the dorsd 
surface, and may, perhaps, serve as a water-fepellent and an aid 
m maintainmg the water Ime of tiie animal The genera may be 
distuDguished by the following Table. 

TABLE OF GENERA OF ORECTOCHILINI 

Ah Soutdhim vuible, thoui^ mnute, Old World 

B> Donol eye not antenor to ventral eye, meeoroxae Kparate and 
nsnowed externally; 96 apeoies. Oriental and Palearctie, one qieowe 
Ethiopian . .. . .. Oroetoohihia 
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B*. Donal eye interior to ventral eye, mewiooxae uauoUy m oontaet 
and rounded oxtermilly, TOapeoios, Etbiopiaii OiectoRynu 

A* Soutellum concealed, dorml eye antenor to ventral eye, head atrang^y 
braohycephalic, mocoooxae aoparate, 45iipeoicB, Amenoa Gyrates 

The evolutionaty process involved is much the same as in the 
Enhydnm. In different parts of the world more or less diven^t 
bnes have developed The cvoluUonaiy tendencies of the tnbe 
may be summarized as follows (1) a tendency towards lateral 
compression mvolving (a) a drawuiR together of the mesocoxoe, 

(b) an increased convexity and narrowing of th^ body fonn, and 

(c) a narrowing of that portion of the metacoxa mesad of the 
coxaconna, (2) a brachycephalic tendency mvolvmg m Oreo- 
togyrus only a slight displacement eephalad of the dorsal ^e, 
but in Gyretes a general antero-postenor compression of the 
head, (3) a tendency in Orectochilus towards a lengthening of 
the labrum, (4) a tendency for the marginal area of dorsal 
pubescence to spread over the rest of the dorsum, (5) a tendency 
for the elytrol apex to depart from the simply truniate fonn 
either, as m Orectochilus (s sir), by becommg obhque, or, as 
in all the other groups, by becoming spmose latenul, (6) a 
tendency for the dorsum to devdop a yellow margin; and (7) 
perhaps some tendency towards a reduction m body use 
prumtive orectoobilm was a gyruud embodying each of these 
features to a minimum degree, a condition that is fulfilled to a 
remarkable extent by certain Bornean gpeeies {OredoiMm 
cr(tanpea R4g and O dtepar R4g.). 

Tl^> genus Orectochilus u distributed from Celebes and 
Timor to Phihppine Islands, Formosa, Japan, Biu-I^ Idands 
and southern Fmland, Scotland, Spidn and nmth Africa, with a 
BUifie species from the Belgian Congo. The two subgenera and 
lesser groups are indicated in the following Talde, whidi is 
modified from B4gimbart, the numbers m parentheses hulieate 
the numben of R^gimbart’s groups. 

TABLE OF SUBOENERA AND GROUPS OF ORECtOCfilLUB 

A>. Thonwic and elytnl pubesoetnoo confined to margm; Omatal 
with two closely related speeiM m China, two In Japan, and one in 
Congo; fifispaeies, typeO,ja»antM AdW subgmns Patras AiM. 
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B*. Labnim more than twice oa wide aa lonK not or httle roimded 
oepholad, 69 cpecieB 

C‘ Pronotum and elytra not bordered, rarely with dytea alone very 
mdutmctly bordei^ with yellow, 86 apemea Group I (1) 

C* Pronotum and elytra diatinctly bordered with yellow, M ape- 
oiea Group II (II) 

B*. Labrum at moat twice aa wide aa long, 36 apenee 

D* External angle of elytral trunrature aometimea alightly pomted, 
but never a apine, pronotum and elytra bordered with srdlow, 
12 Bpeoiea Group HI (III) 

D* External angle of elytral truncature acute and more or feaa 
prolonged into a apme, 12 apccaea. 

S' Elytra not boidered with yellow, lapecuw .Group IV (V) 

E* Elytra bordered with yellow, 11 apeciea Group V (VI) 

A* Thorax and ^tra entirely pubeaoent, truneature of elytra more oblique 
m female than m male, prolonging the dytra caudad, paeudofrantBl 
ridge abaent, area of metaooxa meead of ooxacarina extmnely narrow, 
Palearotio with two apenee m India and two m Burma, 18 apeciea, 
type O vdfoatM O Mbller aubgenua Oiectochilua (a, atr ) (IV) 

The subgenuB Patrue represents the priimtive type of Orecto- 
ohilus With the exception of two dosdy related spedes 
Group II that get into China (P diinenm RAg and P aeveami 
R6g), two species (P mppanensts Zait, Group II, and P. eormger 
Zait, Group HI) from Japan, and a aini^e species of Group III from 
Stanleyville, Belgian Congo (P. cfrteantu Ochs, 1023, pp. 100-171), 
all the species of this subgenus are confined to the Onental region 
from India and Ceylon to the PbOipinne Idands, Celebes, 
Timor, and Flores, mdicatmg this region as the place of ongm 
of the genus 

Certain species of Group I possess a combination of cbarao- 
ters that is quite significant They are large sue (0-12 5 mm 
long), form not especially narrowed or convex, procoxacavae 
distaat from anterior margm of prostenium-;>-it u close to it 
m idl other OreotoohUmi — coxacanna moderately distant from 
the maaal margin of the metacoxa, meeoooxae widely separated, 
labrum riiort, dorsum not margmed with yeOow, elytral truncar 
ture demdedly rounded m the females (0. ccrptrienriw Rdg, etc). 
All timse are features that cut be looked upcm as strongly 
raminisomit of an enhydraid ances^. Ttie correIati<m of the 
huge sise with other primitive characteni gives stoong reason tor 
behaving that this was the primitive oonditimi the gemu and 
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an additional reason for relating this tnbe with the Huhydruu 
Even within Group I certain of the species are small and of nar¬ 
row convex form In Group II the area of the metacoxa mesad of 
the coxaoarina has become narrowed, the preooxacavae have ap¬ 
proached close to the antenor raargm of the prostemum, the dor¬ 
sum has developed a yellow margin, and the mesal margins of the 
mesocoxae are nearly m contact Groups III to V mvolve species 
in which the labrum has become at least half as long as wide 
Orectochilus (s dr ) includes a group of hi^ly denvative 
species, the characters of which have been mentioned m the 
table The area of the metacoxa mesad of the coxacatina is 
narrower than m any other Orectochilim It is the only orecto- 
chihn group to lose all trace of the pseudofrontal ndge The 
thirteen species of the subgenus are closely related. Four of 
them are onental two from Burma, one from Madras and one 
from Sikkim. The remaining nme are Palearctic, occupying an 
area that is greater in extent than that of all the rest t& the 
genus put together, and extending from China and Japan to 
Spam and England Seven of the nine occur m the eagtem part 
of the area, throe in Japan and four m China One species 
(0 tnvoloens Fold) occurs in central Asia and one species 
(0 nUostts 0 , MiUl) in Siberia, Europe and the Mediterranean 
region. The center of dispersal is probably somewhere between 
Burma and China It represents the extreme development of 
the orectochilm stem m one direction 

The seventy odd species of Orectogyrus are co nfine d to ^ 
Ethiopian region. The pronotum and thorax are always bordered 
with yellow which may be taken as evidence that the genus was 
denv^ from some ydlow-maigmed Orectochilus Its chief ad¬ 
vances m specialisation over Orectochilus consist in the drawing 
together of the mesocoxae (except in 0 tmrabilte B4g and O 
UmoeoUdiua R4g of southeastern Africa), the oephalad migratum 
of the dorsal eye, the six-segmented flagellum, and the strong 
development of the pseudofrontal ndge The foUowiag is an 
attemi^ to modify Bdgunbart's table <d gioi^iB in accordance 
with their increasmg derivativenm The numbers in parentheses 
are the nurnbem of Bdgimbart’s groups. 
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TABLE OF GROUPS OF SPECIES OF ORECTOGYRUS REG. 

A‘ External angles of elytral trunoature vanable, obtuse, square, or slight^ 
acute, but never spinose, <)£ species 

B* i^notum always with smooth area, and dytia atways in female and 
nearly always in male with a vanaUe smooth area 

Smooth area of elytra at least sutural, but quite vanable 
D< Mesocoxae separated, O mmibtiis R4g, O UmeeolatM 
Rdg. Group I (IV, m part) 

D* Mesocoxae approxhuate, 27 species, Group 11 (IV, in part) 
C* Smooth area of elytra more or less developed along suture, but 
also with extensions, 35 species Group III (V) 

B* Pronotum and elytra entirely pubescent, 1 species, Madagas¬ 
car Group IV (III) 

A* External angles of elytral truncature acute and more or lees produced, 
6 species 

£‘ Elytra with smooth sutural space, 2 iqiecieB Group V (II) 

£* Elytra entirely pubescent, 3 species Group VI (1) 

The tendency, as in Orectochilus, is away from the simply 
truncate elytral apex and towards a sprea^ng of the dorsal 
pubescence culminating in compheated patterns, involving raued 
areas of the elytral disc, or a wholly pubescent dorsum The 
failure of the larger Bise of several of the species to be oonelated 
with pmmtive characters seems to indicate a secondaiy merease 
in sice Oreotogyrus represents the culmination of t^ orecto- 
chiim stem in the Ethiopian region 

The forty-five species of Gyretes reinesent the develoinnent 
of the Oreotochilim m Amenoa, ranging from Patagonia to 
Mexico and the West Indies. Two qxMues are found north of 
Mexico G. ecUifomteus B4g from Califi»ma and G. nnmtua 
Lee. from California, Texas, ai^4 Quincy, Illinois. Their nine- 
segmented flagellum, weak pseudofrontal ndge, and failure of the 
mesa' margins of the mesocoxae to meet are evidence that 
Gyretes is denved from an orectodiiloid rather than an orecto- 
gyroid stock The strongly developed brachycephaUsation, m- 
visiUe scutellum, and strongly convex body indicate consider- 
aUe advance in denvativeneas of Gyretes over Orectochilus 
It« ensamble of characters pointa it put as the most derivative 
df all gyrimd genera. 

The speeras are dosdy alhed and present a difficult taxo- 
nomio problem. Rdgimbart distinguished two t^nupe (1) those 
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with the external angle of the dytral trunoatuie a right an^ 
or obtuse (34 species), and (2) those with the external angle of 
the elytral tnmcature acute or spinose (11 qieoies) In each of 
the divusions are species possessing an extaremely narrow testa¬ 
ceous margin to thorax and elytra There is a tendency m some 
of the species for the primitively sharply defined marginal areas 
of pubescence on the margins of the thorax and elytra to spread, 
but the whole dorsal surface is never covered. 

5. Gynntnt 

The absence of the galea, the smaller sue, the eleven-striated 
elytra, and the truncate el 3 rttal apex involving the com{dete 
absence of any external angle are the chief characters that de¬ 
mand that the Gynnint be considered divergent from the £n- 
hydnni. Among their simple derivative features are the absence 
of the corpotentonum, the lose of the wedge^iell in the wing, the 
encroachment of the metacoxae upon the metastemum In 
addition to these, they have the following peculiar denvative 
characters that make their association with the Orectoohilmi 
impossible the seven-segmented flagellum, the scnnewhat naiv 
rowed scutellum, the peculiar structure of the metanotum, 
the loss of the tip of Cu in the wing, and the foreshortening of 
the head that is different frcnn that m Gyretes, mvolving the 
close approach of the antacaval ndge to the exooulata and, in 
Gynnus, the oephalad migration of the dorsal eye. 

The two prmoiplo genera of the tnb may be recognised by 
the following Table. 

TABLil OF THE GENERA OF OYRININI 

A*. Eaytral stnae present as deeply soulpUited funows, dorsal eye soeioely 
anterior to ventral eye, epmotum smooth Aukmogyrus. 

A* Blytisl striae present as rom of punotures, doiaal eye anterior to ven¬ 
tral eye, opmotiim with transverse groove .. (^rriaua 

Ochs (1924, p. 231) describes a gmus, Paragyrinus, founded 
on Aulonomnu amnri R4g (northwest India), A. vUalm Peschet 
(Indo-Ghina) and Paragt/rinw nnensw Ochs (Canton) It a|>- 
parentiy represents a yellovMnMgined aalDDOgynud stodc in 
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the Onental region in which the prooeae of attenuation (nar¬ 
rowed mesoscutulis) and braohyoephaliaation (cephalic move¬ 
ment of the dorsal eye) are present. 

AxJLoNoarRTJs divergent feature elytral striae present as 
furrows, primitive features dorsal eye soarcdy anterior to 
ventral eye, epinotum smooth, trestemasuture entire, denva- 
tive features propygidium strongly tnlobed, arms of metafurea 
fused distad, suture separating qua- and qmtarsomereB m meso- 
and metapods obsolete, tendency to develop species with yellow 
marginal area on thorax and elytra 

Gtrinus divergent feature dytral striae present as rows of 
punctures, primitive features propygidium not or slightly 
tnlolied, suture separating qua- and qiutaraometes m meso- and 
metapods present, species without y^ow margm to thorax and 
elytra; denvative features dorsid eye anterior to ventral eye as 
a result of a strong foreshortening of the head, ej^otum with a 
transverse median impression, trestemasuture incomplete mesad. 

It appears from this tabulation that Aulonogyrus and Gyn- 
nus represent divergent tendendes of which Aulonogyrus stands 
much nearer to the pmmtive gyrinm than does Gyrinus. 

There are two subgenenc groups in Aulonogyrus, a primitive 
group of eight entirely black speoes and a denvative group 
twenty species that luve the Uiorax and elytra margmed with 
yellow. Seven of the ei^t black species are Ethiopian. One 
(A. gcvdah Rdg.) of the seven is from Madagascar. The eighth 
species (A. obhgunu Walk.) is from Ceylon, but this is m accord 
with the close affinities that the Ethiopian and Onmital faunas 
are known to have. This mdicates Ethiopia as the center of 
dispersal of these, presumably the more primitive spedes of 
Aulonogyrus. Qt tte twenty yellow-margined epeeiee, sixteen 
are BSthiopian. Sinig^ species only inhabit Austealia (A. sfngosus 
F), New Caledonia (A. mHpodee Fauv.) and omtral Europe 
as far as Tranaoauoasus (A. oonctnniw Klug.). ' Two species 
(A. eoncuMua Klug. and A. tttaiue F.) inhabit the Mediterra¬ 
nean region. The Ethiopian region is thus very deariy mdioated 
as ihe center of disposal of this group likewise, with a alifl^tly 
more pronounced dtspersal of species into outlymg regions. 
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Three subgcnera of Gynnus may be indicated 
Gyrinus (a atr) scutellum unmodified, rows of punctuiee on 
both disc and margins of elytra, cosmopolitan except m central 
Africa, Tasmania, and the Pacific islands beyond New Guinea, 
New Caledonia, and New Zealand, 84 speaes 

Gybinulus Zaitzev (type G minutua L.) scutellum with a 
minute longitudinal canna, rows of punctures on both disc and 
ma r gins of el 3 d;ra, size small (3 4-4 5 mm), Holarctic, 2 species 
NiiXiGYRiNUS, n subgen (type G. Perty) scutellum 

unmodified, elytra with rows of punctures at sides only, Bntish 
Giuana, Brazil, northern Argentina, Peru, Bolivia, 5 species 
The modification of the scutellum and loss of the discal 
rows of striae indicate that Gynnulus and Neogynnus are 
denvatives of Gynnus (« str) 

The species of Gynnus (s str) have a distnbution as follows 
South Amenca, 10, Central Amenca, Mexico, West Indies, 6, 
Nearctic, 31, Palearctic, 31 (24 species, 7 vaneties), Beumon 
and Mauritus, 1, Madagascar, 4, South Afnca (Cape Good 
Hope, Natal, Angola), 4, Ceylonese region, 2, Burma, 1, Malay¬ 
sia, 4, Australia, 2, New Caledonia, 2, New Zealand 1, or, tab¬ 
ulated by regions. Neotropical, 16, Holarctic, 61, Ethiopian, 8, 
Onontal, 6, Australasian, 5 

In the light of such a situation and until the interrelationsfaipB 
of the species can be worked out, the Hdarctic region is m- 
dicated as the center of dispersal of the subgenus Gynnus opor 
cue Sahib seems to be truly mrcumpolar It is recorded from 
Great Bntain, Scandanavia, Finland, northern Rus^, northern 
Sibena, Alaska, Alberta, Manitoba, Ontario, Labradw, Orem- 
land, Iceland. 

It is now possible to suggest on geogn^hical grounds what 
there was reason to suspect on tiie basis of structure, namefy, 
that Aulonogyrus and Gynnus represent divergent tendencies of 
some homogeneous proto-gynnin stock, probably m Ethiopia 
and Hdorctica respectively. The Hdarctic line became the 
more highly specialised of (he two It is the only gynnid stodc 
that became ^apted to a subarctic dimote. Its bradiyoepbali- 
sation gives further evidence of a high degree of specialixatian. 
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Because of this and its strategic geographical poMtion, it has 
access to all parts of the world. In centred Africa it encountered 
the closely allied Aulonogyrus, and it must be supposed that 
this genus, though less derivative than Gynnus, had taken sudi 
complete possession of its African domam that species of Gynnus 
were able to do no more than establish themselves on the 
periphery of its rai^ 

In the Holarctic region the subgenua Gynnus (s sbr.) has 
given rise to the subgenus Gynnulus, represented by G mmubus 
L (central and northern Europe, Siberia, northern Nearctic 
region, but not recorded from labrador, Greenland, or Iceland), 
whidi, m the extreme eastern portion of its range (the Atlantic 
Coast of North Amenca from MassMhusetts to Flonda) differ¬ 
entiated to form the closely allied G riKkmghametma Lee In 
the Neotropical region the subgenus G 3 mnus (s sir) has given 
nse to the subgenus Neogynnus (5 species), characterised by the 
absence of rows of punctures from the disc of the elytra 

6 Zodgeographteal CrUerta 

The Gynmdae consist of three tnbes, each separated from the 
others by a definite set of characters The mtratnbal variation 
IS slight and the groups of species withm tiie tnbes grade gradu¬ 
ally from the least to the most denvative. So gradual is Idus 
process and so httle extinction has apparently occurred withm 
the tnbes that the attempt has been made m the preceding 
psiges to mdicate centers and hnes of dispersal. The assump¬ 
tions that have been made are formulated below* In this 
conneotion the fact should not be overlooked that there are 
those who discredit any attempt to mterpret aoOgeographical 
data on the ground that so much extinction has undoubtedly 
occurred that the present distnbution is Vithout stgnificance 

1 The centw of ongm is located within or very near the 
penphery of the range of the group under consideration. 

2 The location of the center of ongm is mdicated by the 
distnbation of the most primitive types withm tiie group. 

■ The anther is indebted to Adama* ten ontena (IMS, pp 11&-131) and 
to Profeeaor A O Ruthven'e loetum on lodgeogngiliy (1021) 
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3. The location of the center of ongin tends to be indicated 
by the area occupied by the largest number of species of the 
group Areas occupied by smaller numbers of species, especially 
when the number is as low as one or two, can be looked upon as 
having been populated by migration from the center. 

4 The center of origin is located within or veiy near the 
peripheiy of the range of the group from which the group undca* 
consideration has been dcnved 

The degree of probabihty moreases as more than one of these 
last three catena indicate the same region 

In general m a group m whidi httle extraction has occurred,, 
the primitive types remam at the center of dispersal It is 
otherwise m the case of groups m which much extraction has 
taken place and whose distnbution is discontmuous. In such a 
case, the primitive types are likely to occur on the periphery 
of the range of the group and to represent the survival of types 
once denvative relative to the common ancestor of the entire 
group Subsequent to the amval of the now primitive type on 
the periphery of the range, furtiier evolution occurred m the 
center of the range, the ancestral type was there exterminated, 
and there developed in its place a more denvative than the 
type at the penpheiy 

7 ZoUgeographted Regum 

The Neotropical region is characterised by four endemic 
groups* Enhydrus, Androgyrus, Qyietes and Neogyiinus. Of 
these, three are South American. The occurrence of two spedes 
of Gyretes north of Mexico does httie to detract from the Neo> 
tropical character of the genus. 

The Nearctio region is characterised by a sinidfl subgenus, 
Cyclinus, most of whose species occur there 

The Ethiopian region is isolated by the Sahara Desert al¬ 
most as completely from the Pdearctio region as by an ocean. 
Only three species, one Dineutua and two AulmiogyruB, hate 
been able to pass this barrier, i^qiarenriy ht way of the Nils 
Valley, and of these Dineutus does not occur m the region noitii 
of the Sahara Desert itsdf, so that four genera fail to cross the 
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Sahara Desert (Qyrinus and Oreotochilus str ] on the Palearc- 
tio side and Dineutus and Oreotogyrus on the Ethiopian ade) 
as compared with the one, Aulonogyrue, that does The affini¬ 
ties of the Ethiopian region with the Oriental and Australasian 
regions are many tunes greater than with the trans-Saharan 
area Its affinities with the Neotroincal region are hkewise 
marked The Ethiopian region is the center of dispersal for 
Dineutus (s str), Auionogyrus and Orectochilus, the last one 
of which 18 endemic 

The Oriental region is the center of dispersal of Cychnus, 
Spinosodineutes, Porrborrhynchus and Patrus It is one of the 
least sharply defined of the regions All the Oriental groups are 
represented by straggling species in the Mongolian area. If a 
Ime is to be drawn between the Oriental and Australasian re¬ 
gions, it must be between Celebes and New Guinea with the 
islands of Sumbawa and Timor a tnnaitional area. Patrus stops 
to the west of the Imc and Macrogyrus to the oast Five groups 
(Dineutus Cs str ], Cyclmus, Spmoeodmeutes, Porriiorrhynchus, 
Gyrmus) cross this Ime as ctunpared with liuee (Macrogyrus, 
Patrus, Auionogyrus) that do not. Macrogyrus, a derivative of 
the South American Androgyrus, is the only endemic Australa¬ 
sian group. The distribution of Auionogyrus is peculiar Single 
species of the yellow-margmed group occur m Australia and 
New Caledonia None occur m the East Indies. The sinide 
Ceylonese species belongs to the unicolored section of the genus 

With t^ exception of the E<thiopian Oreotogyrus, the 
Palearotio region contams stragg^uig r^reeentatives of all tiie 
Etldopiah and Oriental groups Only Orectochilus (« rir.), a 
derivative of the Oriental Patrus, appean to have become 
especially adapted to Palearctic conchtion^. Four species of 
Patrus are Indo-Burmese, nine are Palearctie. 

The question of sofigeographical regions is largely a matter of 
baniers acting in such a way as to render the fauna of one area 
maricedly different from the fauna of another. The alate con¬ 
dition of the Gyrinidae enables them to traasomd the limits of a 
particular drainage system and to distribute themselves as does 
ai^ other winged terrestrial animal Tbe barrieie that have been 
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efficient in limiting and detenmning llieir distoibution am, m 
order of their unportance (1) oceans, (2) deserts, (3) climate, 
(4) biological factors Of these the first two are correlated witii 
^e diatnbution of the fresh>water habitat of the aniraal, i e the 
evident lack of such habitats m marine and desert areas The 
extreme efficiency of the Sahara and Ansona deserts have been 
noted Chmatic factors arc probably largely responsible for 
liimting distribution to the north, and biological factors are 
involved in the apparent mabihty of certam types to mvade 
tbe terntory of a closely related group 

8 Land-Brtdges and Geologtcdl Htdory 

The relation of Androg}rrus (South America) and Macrogyrus 
(Australia) is such that a direct migration route from western 
South Amenca to Australia must be postulated 

An Atlantic land-bndge is required (1) for the derivation of 
the Ethiopian Dmeutus from the South American Enhydrus, 
(2) for the remigration of Dmeutus to Amenca, (3) for the 
denvation of the Amencan Gyretes from Orectochilus 

Ilie Indo-Madagasco-Afncan land-bndge, Lemuna, is m- 
dioated by the close affinities between the fauna of Afnca and 
the orient The distnbution of Dmeutus, the presence cS a 
single species of Aulonogyrus m the Ceylonese region, the 
presence of Gynnus in India, Madagascar and South Africa, 
but not m central Afnca, are all mdications of tiiis Hie 
derivation of Orectogyrus from Orectochilus may be accounted 
fmr either in terms of Lemuna (this accounts for their presence 
in Madagascar), or as the result of a general faunal movement 
from the east by way of Arabia that some naturalists postulate 
at a relatively recent date. 

An Asio-Australian land-bridge is required to account for the 
contmuous distribution of Dineutus (s atr), Cychnus, Spboso* 
dineutes, Porrhorrhynchus and Gynnus from Asia to Australia 
or New Gmnea. The stretdies open water fnnn Asia to 
Australia are none of them great, under fifty or one hundred 
miles, and may present slight difficulty to small winged animals 
easily blown ^ the wind This will not ex^bin the failure of 
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Patrus and Macrogynu to aunnount them, unless there are 
biological bamera at work 

The alternatives that the zoblogist faces are dear cut In the 
ordmary course of nature terrestrial animals are not able to pass 
over wide expanses of water Either they must have made use 
of land connections, or their present distnbution must be 
accounted for entirely on the basis of fortmtous means of dis¬ 
persal, as dnftmg trees or dispersal by wind Geological tunc is 
long and the chance of populating a new countiy with the 
progeny of a single pair or a single gravid female is not im¬ 
possible Such a means of dispersal, if effective, would account 
for the present geographical relationships nearly as wdl as a 
system of land-bndges, for chance would always favor fortmtous 
dispersal between geographically adjacent rather than geo¬ 
graphically non-adjacent areas Certam mvestigatorB insist 
that such an explanation is to be preferred to the postulation 
of land-bndges for which there is no structural evidence 

However, an increasing number of soologists and paleontol¬ 
ogists are conung to accept land-bndges, and a certain amount 
of agreement has been reached concerning some of the more 
general features Therefore, the distnbution of the Gynntdae 
has been correlated with some of the more widely accepted 
paleogeographical formulations Metcalf’s (1923, pp 296-308) 
paloogeographic charts, chiefly modified frenn Aridt, have been 
' made the basis of this study 

North Atlantic and Bering Strait land-bndges are shown 
on Metcalf’s charts to have lilad an intermittent existence 
throu^out practically all of post-Pennian tune A trans- 
Paafio land-bndge from Ecuador to Australia exdudmg New 
Zealand and Tasmania is shown (tbtd , p 3193) for late Creta¬ 
ceous time and a oommumcation by way cS Antarctica mduding 
New Zealand and Tasmania m Oligocene tune {ibtd, p 304) 
ISther of these land-bndges would account for the presence of 
Maorogyrus in Australia, though tbmr absence from New Zealand 
and Tasmania favors tiie first Metcalf («&td, p. 303) places 
*^die final sepuation of Afnoa fnm troiacal America in the 
middle Cretaceous . . . though Aildt shows late Cretaceous and 
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early Tertiary connection ” He shows Lonuna for the last 
time in the early Cretaceous (i6uf., p 300), thou(^ Arldt oonr 
tmues it mto late Cretaceous. The last Asio-Australian land* 
bridge is shown for late Jurassic time, at which period both the 
Atlantic and Lemuna land-bndges were open A connection ex¬ 
tending as far as Celebes and Java, but not beyond, is shown 
for Phocene tune 

It is possible to suggest the geolopcal history the Gyiini- 
dae, though such a reconstruction has only such v^dily as have 
the land-bndge hypotheses themselves 

Previous to late Jurassic tune Enhydnis developed m South 
Amenca and its derivatives, Dineutus, Cydinus, Spmosodineutes 
and Porrhorrhynchus migrated to Africa, India and Australia. 
Previous to tte same penod Gyrinus had developed m the 
Holarctic area and Aulonogyrus had devdoped m Africa and 
both had migrated to Australia. 

Before middle Cretaceous tune Gyrinus had oceu{»ed South 
Africa, the unicolorous Aulonogyrus had migrate to the 
Ceylonese region, and Dineutus had migrated back to America^ 
where it subsequently gave nse to Cyclmus. 

Subsequent to the closure of the Australian land-bridge in 
late Jurassio tune, but before the breakuig down of the Atlantie 
land-bndge and possibly Lemuna, the Orectoobihni devdoped 
m southeastern Asia, possibly from enhydrin stock, and mi¬ 
grated to America and Afnca The Ethioidan omotochilins 
differentiated to form Orectogyrus subsequent to the migration 
of Gyretos to Amenca, emce Gyretes exhOnts oniy general 
oreotoduhn and no special oreotqgyroid chaxactns. 

Previous to late Cretaceous <w Oligooene time Androgyrus 
devdoped in South Amenca and m one of these two periods, 
probably the eariier, its denvative, Macrogyrus, migrated to 
Australia and New Guinea 

In Pliocene time Patrus was able to attain Oddies. Its 
presence in Mores and Timor may have to be ascribed to 
fortuitous dispersal. 

In this muiner all the major facts of presentdaj ontnid 
distribution are aooounted lor without doing violeiiee to any 
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morphdogioal, paleontdogioal, or geographical detail, except 
that to account for the Australaaan species of yellow-margined 
Aulonogyrus, it must be assumed tiiat they parsed through the 
Oriental regions on the way and have subsequently become 
extmot. The recent discovery of Paragynnus m t^ regum 
lessens this di£5.culty, perhaps 

Extremely striking is the conclusion that Ihe essential 
features of gyrinid structure and distribution were established 
in Mesozoic time Even some of the genera, subgenera and 
species (Dtneutua awAralia F. and Gynmu conoexmaeubta MacLeay 
ore said to be found on both sides of the Cdebes-New Gumea 
hne) may have come mto existence at this tune Recent spectes 
of Gynnus have been reported from the interid^oal penod 
It is said to be the case with ants (Wheeler, 1923, p 7} and 
seems to be true of beetles that types are able to contmue m 
practically unmodified form over very long periods of tune. The 
race of mammals has arisen and entered mto a dechne. The 
gyrinids are almost as they were m tiie age of dmosaurs. 

III. SUMMARY 

The conclusions suggested in the preceding pages may be 
summarised as follows* 

1 . The Gyrintdae arose from some dytiscoid stock m Triassio 
or early Jurassic time. 

2 . The Gyrinidae exhibit the general adaptations and 
phgdogenotio tendencies of the lllytiscndae, but show an mcreased 
responae to aquatic and especialfy to surface conditions 

8 . The phylogenetic tendencies withm the Gynmdae have 
been m the directum of (1) decrease m size, (2) a loss of the 
galea and corpotentonum, (3) a modification of the dytral apex, 
(4) an antero-postonor compression, and (5) a narrowing of the 
body. 

4. Three tnbes of Gyrinidae are distinguished Ekihydnni, 
QreotoehiUni and Qyrinini, and of these the first two form the 
subfamily Enbydrinae and the last the soMamily Gynninae. 

6 . The Enhydrim and Gynnini represent two emdy hnes of 
divergenoe. The most pnnutive enhydrins are South American; 
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the most primitive gyrmins are Ethiopian. If the land-bridge 
hypothesis be accepted, previous to late Jurassic tune these two 
tnbes had attained a cosmopohtan distnbution Macrogyrus 
represents a second Australian mvasion by the Enhydrmi 
from South America m Cretaceous or Ohgocene time 

6 The Orectochilim are a hi|^y denvative, strcmgly nar¬ 
rowed gyrimd stock closely related to the Enhydnm They 
represent a general adaptation for life on the surface of runmng 
water On the basis of the land-bndge hypothesis it may be 
supposed that, subsequent to the closure ot the Australian land- 
bndge in late Jurassic time, but previous to the breaking down 
of the other land-bndges m Cretaceous tune, this tnbe developed 
m southeastern Asia and migrated to Afnca and South Amenca. 
In Pliocene time they were able to attam Celebes, but ate 
absent from New Gumea and Australia. 

llNiVKiuimr or Michioan 
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THE METAMORPHOSIS OF THE CALIFOR¬ 
NIAN RIBBON FISH, TRACHYPTERU8 
REX-SALMONORUM 

CARL L. HUBBS 


TBACRYPTEitUB BEX^BAiAtONOBUM Jordan & Gilbert 

Traehyptenu attuwtM Jordtin and Qdbert, Pne V S Nat Afiw, 3,1880 
(1881), p 4S6, 4, 1881, p 62, Bean, ihuiem, p 265, Jordan and Gilbert, 
Bull U. 8 Nat jifue , 16, 1883, p 618 (apparently not of Kner) 

Traekyptenu rex-Bahtumonm Jordan and Gilbert, Proe Calrf Aead 8a, 
(2) 4, 1804, p 145, PI 0, Jordan and Bvermann, Butt U 8 Nat Mu», 
47, n 3, 1898, p 2509, Jordan, Chade to tiu Study cf Ftahea, 2, 1005, p 
478, Fig 426, Starks, Atm Cam Mua , 7, 1011, p. 212, Sette, Copaa, No. 
122, 1023, p 03 

Regabcut russellt Jordan, Chtida to tho Study of FmAss, 2, 1005, p 473 
(in part), Jordan and Starks, Proe V 8. Nat. Mut , 32,1^, p 72 (not of 
Shaw). 

Tratbyplarue sslsntns Snyder, Proe. Aead Nat Bn. Pkda, 1008, p 

810 

Traekyptarue $p Holder, Puhoa of the Paafie Coatt, 1012, p 70, 27; 

lliompaon, C^ P%»h and Cam, 5, 1910, p. 06 

AN examination of ton Bpeoimens of TradqrpteruB from Cali¬ 
fornia mdioates that T. telenme is merely the adult of 
ZVoehypterus rei^-aalmonortm These speounens vary in kmgtti 
from 10 to 1520 nun., and illustrate very; well the remarkable 
obangM which tlds spedes undergoes with age 

The measurements of the ten specimens used in this study 
axe hated in Table I. iSpeetmen 1, only 10 mm. Itmg (when the 
body flexure is stndghtened out), » a larva still retaining a large 
yolk sac; it was collected Deoembw 20, 1006, having been 
washed ashore at Ia Jolla, Califmtda, during a northwest wmd; 
it wsa turned oveor to tiie writmr by the Scripps Institution for 

400 
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Biological Besearch Specimen 2, 25 mm in axial length, was 
taken by the California State Fisheries Laboratoiy m a trawl 
hauled at an intermediate depth ci forty fathoms over deep 
water, 8 miles S S W of the west end of Santa Catalina Idand, 
California. Specimen 8, 102 mm long, is the one from near 
Monterey reported on by Setto (1923), the proportionate 
measurements for this specimen are computed from the absolute 
values given by Settc, in the table on p 94 of his paper Spea- 
mene 4 and 6 are young fishes 130 and 145 mm long taken at 
Avalon, Santa Catahna Island, those and thd adults (Nos. 8 
and 9) from the same locality, apparently served as tiie basis 
for the records of Regalicus frcan Catalina Island Specimen 6 
probably came from Pacific Grove, California Specimen 7, 
285 mm long, is the type of Trathypterue rw-Mbnonorum, 
collected off San Francisco, the proportionate measurmnents, 
like those for Specimen 8, are computed from the values 
given by Sette (1923). Speamene 8 9 are adults, 860 and 

1000 mm long, from Av^on Specmm iO is the huge type, 
1520 mm. long, of Tradiyjrierue eekmrte Slider (1908), fomn 
Monterey. 

It seems clear that all these spedmms represent a sini^ 
species As shown by the tables and the curves, the extremely 
wide variations m proportions, finding their extreme divergence 
between the larval specimen and the largest adult, are wdl 
connected by mtermediates. Sunihuly structural Mid color 
features show an mteigradation between the two extremes. 
The number of fin rays is approxunately aldce m all the material 
examined In Specimens 3, 4, 5, 6, 7, 8, 9 and 10, the darsal 
rays are 5, 171; 5, 161; 5, 170; 6, 166; 5,170; 5,178; 5, 170; 
—, 168, respectively 

The larva shows a strong downward flexure of the body, Mid 
the anterior dorsal is earned on a narrow fleshy lobe extradmg 
ftHward and upward, from the nape, wdl above the transveraefy 
rounded occipital reg^. Ko such structure is shown by Emery 
for Trachypt^ taenia of the Meditemmean, but a someiriiat 
similar although probably not homologouB devdrgmental modt* 
fication occurs in the postiarvae of many flat fidies (Heteroso* 
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mata). The postlafva still shows a eonsiderable body flexure, 
and retains the intemeural-contaming lobe at the base of the 
first dorsal. The larva is particulaiiy extreme m proportions, 
the tail region being but slightly developed compai^ with llie 
head and trunk (Table I), the head is relatively larger m refer¬ 
ence to the trunk (Table II), and the eyes, jaws, etc., relatively 
larger in reference to the head (Table III), than m later stages 
The postlarva m these respects affords a complete transition 
between the larval and juvenile stages (Tables I-III) These 
changes in proportions are discussed later m the paper 

The body m the young is naked, but m tiw adult becomes 
covered with pad-like scales. In the adult, also, the lateral hne 
posteriorly becomes armed with antrorae spmes. Tlie spmules 
(later granulations) on the fin rays, on the contrary, disappear 
with age 

The excessively long and flexible pdvic fin and antenor dorsal 
of the young — probably much longer than tlic body and servmg 
as flotation oigans in the larvae and postlarvae — become both 
proportionately and absolutely shorter with mcreased suse, 
finally with age becoming obsolescent The mam dorsal becomes 
gradually lower throughout its length. Hie lower lobe of the 
caudal, fairly well developed and witii one strengthened and 
doubtless greatly produced ray m the larvae and postlarvae, 
becomes relatively small m the young and obsolescent m the 
adult The upper caudal lobe, scarcely evident m the larvae, 
becomes moderately developed in tiie postlarvae, then greatly 
elongate, like the pelvic and anterior dorsal fins, in the young, 
and finally very short m the adult This lobe at first extends 
horisontally backward, but gradually rotates to assume an 
antrorse direction. Eswntially similar changes m the fins take 
place in Trackyptmu taen%a, as outlined by Emmy. 

Metamoiphosis as detenmned freun the changes in structure 
and in the fins takes place later in devdopment than the meta¬ 
morphosis in proportions. The Imigth of tiie fins, when httie 
or not at all brdeen, is indicated in proportionate terms in 
Table I. 
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TABLE I 

MXABTmUMBNTB OF TbACHYPTSKUB BBX-BAUfONOSmC FBOII 

California 


Thu table lUuatratee the changes which the quetee iindeisoes with age. 
Meoaurements exprossed m thousandths of total lengtih to caudal base 


Speoufien No 

Lragtb to caudal, mm 

1 

10 

2 

26 

3 

102 

4 

130 

B 

6 

173 

7 

285 

8 

860 

1 

10 

1520 

Length to anus 

1 

666 

_ 

660 

540 

i 

_ 

383 


■ 

Gfeateet depth 


320 

191 

176 

150 

166 

133 

EED 

no 


Length to vertical of gceat- 
est depth 

60 

65 

, ■ 

e 

70 

H 


95 

305 


Length oi head 

mm 

210 

176 

13fi 

135 

165 

116 

87 

97 

98 

Len^ of orbit 

120 

100 

59 

E3 

50 

45 

39 

27 

33 

28 

Intezorhital 

55 

56 

— 

30 

30 

25 


16 


14 

Length of upper jaw 

160 

105 

69 


— 

ET 

49 

82 

36 


Len^ of lower jaw 

180 

136 


75 


65 

•W. 

45 



Height of antenor dorsal 


_ 

2657 

_ 

n 


112 



0 

Height of dorsal 


— 

167 



136 

84 

giin 

70 

49 

Length of caudal 

— 

— 

442 

660 


kTO 

389 

im 

85+ 


Length of pelvic 

— 

— 

442 

— 

g 

— 

193 

— 

2 

0 


The fonn of the body alBo efaangee greatly trith age, the 
depth being muoh the greatest between the Migin at the ctonal 
and the sharp lower anide of the mandiUe in the very young, 
but greatest near the middle of the total kngdi m the large 
adults As Sette has shown, the diange in tiie proportimiate 
depth of the head and trunk is not regular throu^out the 
length of this region, the depth postohiriy mereasing in refer* 
enoe to the depth anteriorly 

The eidoration also exhibits changes wiA age, beooming 
gradually more unifcmn. The posterior and finally the auterimr 
spots of both dmsal and ventral senes riowly disappear. 

IVochyptefua reneolmonorum, presumabty Kre epedes pf 
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the genus/ provides on exception to the general rule that, in 
fi^es, the proportions of the head and body do not change after 
the postlarval penod, or change proportionately to the increase 
in size, so that, mathematically expressed, the dimensions of 
any part of the body form a Imear function of the total length. 
From Table I and Figure 26 it will be seen that the dimensions 
of the parts measured arc not Imear functions of the total 
length In this species the development as regards form and 
proportions is of a greatly retarded type, and entails a pro* 
tracted metamorphosis, the postlarval features being gradually 
lost during juvenile life This situation is graphically shown m 
the Figure 

The remarkable changes m the proportions of the body 
which Trachypterus undergoes with age are due, of course, to 
the differential growth rate of the several parts ci the body 
From the graphs it is very clear that this differential growth 
rate IS most extreme m the young, decreasmg with age The 
differential growth consists chiefly m the more rapid growth of 
the tail than of the trunk, as Sette * has already suggested m hia 
study of two young spocunens of this species In the larva the 
anus is near the end d the body, m the young, still in the pos¬ 
terior half, but in the adult, in the antenor half of the total 
length. 

Uhere is also a differential growth m the antenor regions, the 
trunk growing more rapidly than the head, and the posterior 
portion of the head faster than the eyes, jaws, etc, these 
structures being relatively large m the larval and to a tosser 
degree so m the postlarval stages The differential growth rate 
in the head-trunk region, however, characterues chiefly the 
larval and postlarval stages, changes in proportions within 
these regions bemg scarcely evident m the young to adult 
fishes. The data are given m Tables 11 and III. 

> Carlo Emery, m 1879, duwuaaed "Le metamorfoai del Tradnyplenu 
taetua” In the first paper of hu senes of "Contiibusiom all' Ittaologia," 
puliluhed in M%Uh ZM 8ta Naapd, 1, 1879, pp. 081-888, PI. 18, and in 
AMAoead hmett 

* Copsto, No 122,1923, pp 93-96 
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TABLE n 


MEASXniiaiCEKTB XX HUX0B1I!1>THS of Lexqtb to Anub 


Specomen No 

Lragth to caudal, mm 

1 

10 

2 

26 

4 

130 

5 

145 

6 

173 

8 

860 

0 

1000 

Oreatest depth 

69 

48 


28 

29 

27 

27 

Length of head 

35 

32 


25 

20 

23 

24 

Length of oitut 

14 

15 


0 

8 

7 

8 

Interorbital 

6 

8 



5 

4 

6 

Length of upper jaw 

EH 

16 


B 

0 

8 

0 

Len^h of lower jaw 

21 

20 

13 

B 

12 

12 

12 


TABLE III 

Mbaburbubnts IX Hxjxoreothb of Lexoth of Head 


Specimen No 

L^th to caudal, mm 

1 

10 

2 

25 

3 

102 

4 

130 

5 

146 

0 

173 

7 

285 

8 

860 

0 

1000 

10 

1520 

Length oi orbit 

40 

48 

34 

44 

87 

20 

34 

31 

84 

20 

Interorbital 

18 

20 

B1 

22 

22 

16 

— 

17 

21 

14 

Lmigth of upper jaw 

53 

50 


44 

— 

32 

42 

37 

36 

— 

Lengtli of lower jaw 

00 

04 

n 

50 


42 


52 

52 



BUAQURT 

Traehyptmu telentns is merdy the adult of the California 
ribbon Trathyptena re»^mononm, representmg the end* 
stage in a development replete with struoturtfl and proportional 
ehanges. 

The larvae and poetlarvae show a flexure of the body, and 
possess a peculiar isolated nuchal lobe containing the intemeurab 
sui^iorting the five dongated dorsal rays The larvae exhibit 
one extreme of the age vanations in propmtions, the tail regicm 
being but slif^tiy develiqied, the head, and especially the eyes 
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and mouth, relatively very large The postlarvae afford a transi¬ 
tion to the juvenile stages 

The young are naked, the adult becoming covered with 
pad-hke scales The lateral line becomes armed posteriorly 
with antrorse spines, but the granulations on the fin rays dis¬ 
appear with age The fin rays all become shorter with age: 
the excessively long pelvic fin and anterior dorsal, — probably 
flotation organs m the young, gradually become shorter with 
age — eventually obsolescent, the lower lobe of the caudal does 
not persist in the adult, while the upper lobe, mordinately 
elongate m the young, becomes very short with age and gradu¬ 
ally rotates to assume an antrorse direction The metamorpho¬ 
sis os determined by changes m structure and m the fins takes 
place later in development than the metamorphosis m pro¬ 
portions 

The form of the body changes greatly with age, the depth at 
the nape greatly decreasing with age, the depth postenorly 
increasing in reference to the depth anteriorly The coloration 
also changes, becoming more uniform with age 

The dimensions of the various parts of the body m Tra- 
chypterus are not, as usual among fishes, hnear functions of the 
total length The development is of a greatly retarded type, 
and entails a protracted motamorphons, the postlorval fea¬ 
tures being gradually lost during juvenile hfe. 
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A new volume of great histortcal importance 

THE McKinley and roosevelt 

ADMINISTRATIONS, 1897-1909 


BY 

JAMES FORD RHODES, LL.D , D Litt. 

Ij^EW historianfl can lay claim to such a spontaneoiia and vigorous style as 
^ James Ford Rhodes The book opens with the excitement of the presidential 
campaign of 1896, takes up and makes live again the Bpanish War, the Vonosuela 
dupute of 1902, the Hay-Paunoofote treaties loading to the buildmg of the Panama 
Canal, the Russo-Japauoso Treaty Conference, Roosevelt's prosecution of the 
trusts, and the other events of the time to which the country thrilled 


Cbaptbr 1 Introduces Mark Hanna and 
follows his political career thniugh the 
meeting of McKinley, tlio intimacy that 
formed over the com ciuostion and his 
aid in McKinley s oampugn and election 

CBAPnsa n Deals with the arranging of 
the Cabinet and the trouble inveuvna 

CBAPTaa III Presents the Cuban question 
S^ny pubho opixuon and McKinley's 


strike and his views of the Veneiuela 
question, the Alaska Boundary Dispute 
and the sise of the British Navy 

Chaptbr X Coven the discussions about 
the Panama Canal inoluding the Hay- 
Paunrefote treaties, the Hay-Herran 
trnaty the Panama uevolution, and the 
Hay-liunau-Vanlla treaty 

CHAPnen XI Roosevelt's ability is con¬ 
trasted with that of Hanna 


Cbaptbr IV The Bpanish War chapter 
bei^nmg with tfie battle of Manila 
and ending with the destruction of the 
Spanish Fleet 

CsAPna V Gives the main nrovieions in 
the Protocol, eome nenoniu glimpses of 
J P Morgan and John Hay, and ends 
with an explanation of the Boxer Up¬ 
rising u China 


Cbaptkb VI Carries us through the Presi¬ 
dential Campaign of 1900, the stock 
panic and the assassmation of MoKlnlcy 


Cbapsbb VII Opens with a discussion of 
the situation in Puerto Rico, Cuba and 
the PhiUpidnes, followed by oharaotor 
sketches of Root, Taft, Forbes and 
Coolidge 


CBAma Vltl Begins the Roosevelt ad¬ 
ministration and desoribes hu Now Eng¬ 
land tour 


OBAPTaa IX Inoludea Roossvelt's dealing 
and seitSement of the Anthracite ecu 


Cbaptvh XII Records the status of the 
Republican Party, the result of the 
election of 1904 and the 6t 1 ouis Fair 


CnAPTvn XllI Brmn us to the Russo- 
Japanese War and ineludee some salient 
mentions of the Morocco Affair and the 
Algeoiras Conference 


CBArrxR XIV Discusses the different mat¬ 
ters of legislation in 190'i auob as the 
Hailroiui rate, the Hepburn Bill, the 
Senate Bill, and the Pure Food laws 


Cbaptbr XV Clearly elucidates the presi¬ 
dent's efforts during the iianio of 190T 
and bis actions in regard to Irngation 


Cbaptbb XVI Gives us some sidelights on 
Roosevelt's opinion of the navy and the 
Japanece question 

Cbaptbb XVII Has for its baekground the 
Repubhoan Convention of 1008 across 
which oome the figures of prominent 
men Taft, Lodge Morion, but most 
eonsidououBkmong these is Roosevelt 
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